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NOTE 


This  book  is  number  eight  of  Audel's  Engineers' 
and  Mechanics'  Gtudes.  Its  plan  is  to  illustrate  elec- 
tricity in  its  many  practical  applications  in  the 
dearest  and  plainest  manner,  and  in  a  way  not  to 
discourage  the  searcher  for  practical  electrical  knowl- 
edge, but  to  make  an  interesting,  attractive,  instruc- 
tive and  useful  reference  for  all  the  electrical  pro- 
fession. 

By  a  rigid  economy  of  words  the  author  has  been 
able  to  give  a  vast  amount  of  information  on  each 
of  the  many  subjects  which  otherwise  would  have  to 
be  omitted. 

The  author  is  indebted  to  the  various  manufac- 
turers for  their  co-operation  in  furnishing  informa- 
tion relative  to  their  products,  and  also  credit  is  due 
to  H.  L.  for  supplying  special  wiring  data. 

Credit  is  also  due  to  Mr.  Harry  E.  Hershey,  of 
the  Autojnatic  Electric  Co.,  for  valuable  assistance 
in  preparing  the  chapter  on  Automatic  Telephones. 

Frank  D.  Graham. 
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CHAPTER  91 

Electricity 

The  name  electricity  is  applied  to  an  invisible  agent  known 
only  by  the  effects  which  it  produces,  and  the  many  ways  in 
which  it  manifests  itself.  There  are  four  principal  forms  of 
electricity: 


DYNAMIC 

IN  MOTION 


STATIC 

AT  REST 


RADIATION 

IN  VIBRATION 


Fios.  6,103  to  6,106. — ^The  four  kinds  of  electricity. 


1 — Static  electricity  at  rest. 
2 — Dynamic  electricity  in  Un- 
ed  motion. 


3 — ^Mamietism  electricity  in  rotation. 
4 — ^RacSation    electricity   in   vibra- 
tion» 


1.  Static  Electricity 

If  two  unlike  bodies  be  rubbed  together,  electricity  will  be  con- 
centrated on  the  surfaces  and  when  in  this  condition  they  are  said 
to  be  charged  or  electrified. 

Thus,  if  a  glass  rod  be  rubbed  with  silk  in  dry  air,  it  becomes  charged 
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Mid  diichaiger. 

atuibutfd  to 
the  attempt  of 
Musachenbrock 
and    hii    pupil 

lecc  the  sup- 
posed electnc 
%md"  in  a 
bottle  half  fiUcd 
with  water.  The 
bottle  was  held 


BEFORE  nUBBJNG 
AFTER  R1I3BIN6 
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with  eUctricUy  called  posUbie 
electricity,  whilearod  of  seal- 
ing Tvax  or  other  resinous  sul>- 
stance  rubbed  with  wool  or 
fui  becomes  negatively  dtsa^sA, 

Positive  and  N^ative 

Electricity.— These  terms 
signify  that  one  body  is 
changed  to  a  higher  press- 
ure than  the  other,  that  is, 
by  rubbing  some  of  the 
charge  is  taken  from  one 
body  and  transferred  to 
the  other  as  in  figs.  6,109 
to  6,112,  the  higher  charge 
is  arbitrarily  called  posi- 
tive (+)  and  the  lower 
negative  { — )  as  in  simile, 
hot  and  cold. 

Rule  1.  —  //  oppositely 
charged  bodies  be  brought  inta 
contact  ndlk  each  olher,  the 
pressure  will  be  equaliied  by 
Ihe  passing  of  the  charge  from 
the  higher  to  Ike  lower  one. 

When  the  pressures  are  thus 
equalized  the  bodies  are  said 
to  be  discharged.  Where  the 
pressure  difference  is  small, 
contact  is  necessary  (fies. 
6,113  to  6,115),  but  where  it 
is  great,  it  is  only  necessary 
to  bring  the  bodies  dose  to- 
gether as  in  fig.  6,112, 

Electrical    Attraction 
and    Repulsion.  —  Two 

balls  of  light  material   as 
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Pica,  fl.llfl  to  6.118.— EleetrostBtic 
iacliBigcd  and  pulled  inside  out.thi 

hollow  cylinder  with  pith  balls,  sta ^ , ,  ,..  ,. 

ofbodiM.    Pie.S.llS.ioductiaiicyliiiderwithnmovablepithballhaldcn. 


fin.  6.118  for  ahowini  the  separation  of  positive  and  negative  electricity  by  induction.  i 

a.  e,120,  ellipsDidaJ  conductor  for  showing  uneq^ual  distribution.  Fis.  6,121  Biot's  herni' 
.  eres  with  pair  of  their  nickel  plated  brass  hemisphere*  with  rubber  handles.  Charge  on 
outsidQ  of  globfl  may  ba  removed  by  placing  hemispheres  iii  position  showa. 
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pith  are  attracted  to  a  charged  glass  rod,  adhere  to  it,  become 
charged,  and  then  are  repelled  and  fly  off  (as  in  figs.  6,124  to 
6,126).  They  also  repel  each  other  but  are  attracted  by  a 
charged  rod  of  sealir^  wax.     Prom  this  follows: 

Rulm  Z. — A  body  charged  with  one  kind  of  eUclneity  repels  one  charged 
viilh  the  same  kind,  and  attracts  one  charged  with  the  opposite  kind. 

Whenever  two  bodies  are  rubbed  together  the  body  rubbed  receives  a 
charge  unlike  that  of  the  rubbing  body ,  as  stated. 


Pro.  e.l23.— GciU 


detect  tha  pm- 
enca  and  Hgn  << 
mn  dsctric  CMfce. 


LT' 


S.  128.— Electrical  attnction  and  repuliioa. 
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Buie  3* — Whenever  a  positive  charge  is  developed  an  equai  negative  charge 
is  developed,  and  vice-versa. 

The  Charge. — ^The  quantity  of  electrification  of  either  kind 
produced  by  friction  or  other  means  is  called  the  charge. 

Distribution  of  the  Charge. — This  resides  an  the  surface 


Figs.  6,127  to  d,130,~— Distribution  of  the  charge  on  conductors  of  various  shapes. 


of  the  body  and  hence  depends  on  the  extent  of  the  surface  and  not 
on  the  mass  of  the  body.  Certain  bodies,  or  material  like  glass, 
paper,  etc.,  have  the  property  of  retaining  this  charge  at  what- 
ever point  attained;  such  are  known  as  instilators. 


Fio.  6,131. — Experiment  to  illustrate  the  effect  of  pointed  conductors. 

Fxo.  6,132. — ^Electric  wind  mill  which  operates  by  the  reaction  due  to  the  escape  of  the  electric 
dtiax^e  from  the  i>oints. 
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"Free"  and 
"Bound"  Elec- 
tricity.—Electricity 
upon  a  charged  con- 
ductor nC'C  in  the 
presence  of  a  gbarge 
of  the  opposite  k'nd 
is  called  free  and  ii 
a.  conductor/  path 
be  provided,  it  will 
flow  away  to  sarth" 
if  in  the  presen'^e  Df 
s  neighboring  charge  ■ 
cf  opposite  kind  it 
is  called  bound. 


£lectr.c  Screen. 

— Faraday  showed 
that  the  charge  on 
the  outside  of  a  con- 
ductor distrioutes 
itself  in  such  a  way 
that  there  is  no  elec- 
tric force  without 
the  conductor. 

Thus  in  fie.  6,133, 

the  gold  leaf  electro- 
scope covered  with  a 
bird  cage  failed  to  de- 
tect the  pressure  of 
Kwerfully  charged 
dies  outside. 


lof  m  induced  charge.    The 


RKtBl  \»n  and  cylindei.  both  mounted  on  ioiuUted  ituvb,  pith  balli 

the  cylinder  at  points  C,  D,       '  ~ 


Lpuntui 
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Figs,  fi.las 
attraction  a 
static,  msc 

ndrepulsi 

-Elecltwtatic  apparatus.    Fig 
moEcharee.  Fig.  6.136,  (l«tiic 
a, 137.  Voltfl'a  bail  Blorm  cr 
to  dance  rapidly.    Fig.  «,13S. 
m  a  punlc  candle,  which  is  ton 
uai^lied.    Fig.e,13SI,e1mTica 
the  glass  taces  around  the  piste 

iZedup 

lectiical  chimes  lo  iiluetiate 
rraoaed  to  be  suspended  from 

lis.  The  ihatge  from  sUtio 
ndenser.  The  glass  shade  is 
on  the  glass.  wheoachatEO 

acingball.    When  conneclld 

,142,  electrostatic 
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Charge  by  Induction. — If  two  bodies,  as  brass  balls  both 
insulated  and  one  electrified,  the  other  not,  be  placed  near 
together,  the  one  not  electrified  will  become  electrified  by 
indtictiofL 


PARAfnMED   PAPER  INSULATOR 


Pigs.  6,143  and  6,144. — The  electrophorus  and  method  of  using.  Charse  B;  place  A,  in  con- 
tact with  6,  and  touch  A  (fig.  6,143).  The  disc  is  now  charged  by  induction  and  will  yield 
a  spark  when  touched  by  the  hand,  as  in  fig.  6,144. 

Condenser,    Lyden    Jar. — ^An   apparatus    for    condensing 
a    large    quantity    of    electricity    on  a   comparatively    small 

surface.  It  consists  of  two 
insulated  conductors ,  sep- 
arated by  an  insulator  and 
the  working  depends  on  the 
action  of  induction. 

Electric   Machines.  — 

Various  machines  have 
been  devised  for  producing 
electric    charges    such    as 


TIMFOJL  CONDUCTORS 


Pig.  6,145 — Condenser  for  induction  coil,  in  eonatruetion,  numerous  sheets  of  tin  foil  are 
prepared  and  placed  on  top  of  each  other  with  a  thin  layer  of  insulating  material  between  as 
shown. 
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have    been    described.     The     ordinary     "static"     or    electric 
machine,  is  nothing  but  a  continuously  acting  erectrophorus. 

Pig.  6,146  represents  the  socalled  Toepler-Holtz  machine.  Upon  the 
back  of  the  stationary  plate  E,  are  pasted  paper  sectors  beneath  which 
are  strips  of  tinfoil  AB,  and  CD,  called  inductors. 

In  front  of  E,  is  a  revolving  glass  plate  carrying  disc  l,m,n,o,p,  and  q, 
called  carriers.  To  the  inductors  AB,  and  CD,  are  fastened  metal  arms 
I,  and  «,  which  bring  B,  and  C,  into  electrical  contact  with  the  discs  /, 
«t,n,o,^,  and  g,  when  these  discs  pass  beneath  the  tinsel  brushes  carried 
by  t,  and  «,    A  stationary  metallic  rod  rs,  carries  at  its  ends  stationary 


fic.  8,l*a. — The  Toepler-HolU  electric  machine, 

?Vi.  6,147. — Prindple  of  Toeplcr-Holt£  electric  rruchise. 

brushes  as  well  as  sharp  pointed  metallic  combs.  The  two  knobs  R,  and 
S,  have  their  capacity  increased  by  the  Leyden  jars  L,  and  L'A,  small 
+  charge  to  be  originally  placed  on  the  inductor  CD.  Induction  ti^ces 
{ilace  in  the  metallic  system  consisting  of  the  discs  t,  and  o,  and  the  rods 
rs,  I,  becoming  negatively  charged  and  o,  positively  charged. 

As  the  plate  carrying  l,m,n,o,p,q,  rotates  in  the  direction  of  the 
arrow  the  negative  charge  on  l,  is  carried  over  to  the  position  m,  where 
a  part  of  it  passed  over  to  the  inductor  AB,  thus  charging  it  negatively. 
When  (,  reaches  the  position  n,  the  remainder  of  its  chai^,  being  repelled 
by  the  negative  electricity  which  is  now  on  AB,  passes  over  into  the 
I.eyden  jar,  L, 

When  I,  reaches  the  position  o,  it  again  becomes  charged  by  induction 
this  time  positively,  and  more  strongly  than  at  first,  since  now  the  nega- 
tive charge  on  AB,  as  well  as  the  positive  charge  on  CD,  is  acting  m- 
ductively  upon  the  rod  rs.  When  /,  reaches  the  position  u,  a  part  of  its 
now  strong  positive  charge  passes  to  CD,  thus  increasing  the  positive 
charge  upon  its  inductor. 

In  the  position  p,  the  remainder  of  the  positive  charge  on  I,  passes 
over  to  L  .  This  completes  the  cycle  for  /,  Thus,  as  the  rotation  con- 
tinues AB,  and  CD,  acquire  stronger  and  stronger  charges,  the  inductive 
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action  upon  r5,  becomes  more  and  more  intense,  and  positive  and  negative 
charges  are  continuously  imparted  to  L',  and  L,  tmtil  a  discharge  takes 
place  between  the  knobs  R  and  S. 


2.  Dynamic  Electricity 

When  static  charges  are  equalized  by  means  of  a  spark,  the 
energy  takes  on  the  form  of  a  current,  but  djmamic  or  current 


DIFFERENCE  OF 
POTENTIAL  (VOLTS) 

NEGATIVE 
"€1 


QUAMTITT  PUMPED 
(AMPERES) 


WALL  OF  PIPE 

(INSULATOR) 


FORCE 

rIVOLTS) 


WATER  IN  FRICTION  OR 

PUMP  RESISTANCE 

(ELECTRICITY)      (OHMS) 


PIPE 

(CONDUCTOR) 


Fig.  6,150. — ^Hydraulic  analogy  of  electric  current. 


electricity  is  usually  understood  to  mean  energy  of  considerable 
current  strength  and  long  duration  as  compared  with  a  static 
discharge. 


Electrical  currents  are  said  to  flow  through  conductors. 

These  offer  more  or  less  resistance  {ohms)  to  the  flow,  depending  on 
the  material.  Copper  wire  is  generally  used  as  it  offers  little  resistance. 
It  is  now  thought  that  the  flow  takes  place  along  the  surface  and  not 
through  the  metal.  The  current  must  have  pressure  volts  to  overcome 
the  resistance  of  the  conductor  and  flow  along  its  sttrface.  This  pressure 
is  called  voltage  caused  by  what  is  known  as  difference  of  potential  between 
the  source  and  terminal.     An  electric  current  has  often  been  compare^ 
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to  water  flowing  through  a  pipe.  The  pressure  under  which  the  current 
flows  is  meastu*ed  in  volts  and  the  quantity  that  passes  in  amperes.  The 
resistance  with  which  the  current  meets  in  flowmg  along  the  conductor 
is  measured  in  ohms.  The  flow  of  the  current  is  proportional  to  the 
voltage  and  inversely  proportional  to  the  resistance.  The  latter  depends 
upon  the  material,  length  and  diameter  of  the  conductor.  Since  the 
current  will  always  flow  along  the  path  of  least  resistance,  it  must  be  so 
guarded  that  there  will  be  no  leakage.  Hence,  to  prevent  leakage,  wires 
are  insulated,  that  is,  covered  by  wrapping  them  with  cotton,  silk  thread, 
or  other  insulating  material.  If  the  insulation  be  not  effective,  the  current 
may  leak,  and  so  return  to  the  source  without  doing  its  work.  This  is 
known  as  a  short  circuit.  The  conductor  which  received  the  current  from 
the  source  is  called  the  lead,  and  the  one  by  which  it  flows  back,  the 
return.  When  wires  are  tised  for  both  lead  and  return,  it  is  called  a  metcUlic 
circuit;  when  the  ground  is  used  for  the  return,  it  is  called  a  grounded 
circuit. 


CENTKIFUOAL 
PUMP 


Figs.  6,151  and  6.152.— Diagrams  showing  hydraulic  analogy  illustrating  the  difference  be^ 
tween  amperes  and  coulomlM.  If  the  current  strength  in  fig.  6,152  be  one  ampere,  the  quan- 
tity of  dbctridty  passing  any  point  in  the  circuit  per  hour  is  1  X60X60»3,600  coulombs. 
The  rate  of  current  flow  of  one  ampere  in  fig.  6,152  may  be  compared  to  the  rate  of  dis- 
chcuge  of  a  pump  as  in  fig.  6,151 .  Assuming  the  pump  to  be  of  such  size  that  it  discharges 
a  gsJlon  per  revolution  and  makes  60  revolutions  per  minute,  the  quantity  of  water  discharged 
per  hour  (coulombs  in  fig.  6,152)  is  1X60X60"^ 3,600  gallons.  Following  the  analogar 
turther  (in  fig.  6,152),  the  pressure  of  one  volt  is  required  to  force  the  electricity  throu^ 
the  resistance  of  one  ohm  between  the  terminals  A  and  B.  In  fig.  6,151,  the  belt  must 
deliver  sufficient  power  to  the  pump  to  overcome  the  friction  (resistance),  offered  by  the 
pipe  and  raise  tiie  water  from  the  lower  level  A'  to  the  higher  level  B'.  The  difference  of 
pressure  between  A  and  B  in  the  electric  circuit  corresponds  to  the  difference  of  prewire 
between  A'  and  B'.  The  cell  furnishes  the  enere^  to  move  the  current  by  ntiaintaininc^  a 
difference  of  pressure  at  its  terminals  C  and  D:  sunilarly.  the  belt  delivers  eneigy  to  zaise 
the  water. 
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Fms.  6.l53ande,lH.— CoursngdeTBiset  and  Volla's  pile,  the  tint  oiaUbattErieidSOO). 
Tho  Courone  do  tuui  (crown  of  cupa)  wu  n  battery  of  simple  cells  in  secies.     Each  all 

■  WHS  composed  df  a  plate  ta  silver  or  copper  und  one  of  anc  immersed  in  brine.  Volta'ipile 
consistsd  of  a  series  of  altemits  discs  of  liac  and  copper,  sepamted  b/ moistened  felt.  Sur- 
prising results  nere  obtained  with  thia  pile. 

OHM'S     LAW" 

ELECTROMOTIVE     FORCE 
CURRENT  ss  RESISTANCE 

EI-ECTROMOTIVE    FORCE 
RESISTANCE    * CURRENT 

— .      E  VOLTS 

R=^  OHMS   =      ^^pERES 


£s|  p  VOLTS  •■AMPERES  X   OHMS 
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A  voU  is  that  pressure  which  produces  a  current  of  one  ampere 
against  a  resistance  of  one  ohm. 

An  ampere  is  the  current  produced  by  one  volt  in  a  circuit 
having  a  resistance  of  one  ohm.  It  is  that  quantity  of  electricity 
which  will  deposit  .005084  grain  of  copper  per  second. 

A  conlomb  is  one  ampere  flowing  for  one  second. 

Rule  4. — OHM'S  LAW.    In  a  given  circuity  the  amount  of  current  in 
amperes  is  equal  to  the  pressure  in  volts  divided  by  the  resistance  in  ohms,  thai  is: 

pressure  volts  ,-v 

current  =  -*-t-- or,  amperes  =  — r-r (1> 

resistance  resistance 

from  which 

volts 


volts  s  amperes  X  resistance;  resistance 


amperes 
Equation  (1)  may  be  expressed  by  S3rmbols,  thus: 

'-i «> 

in  which 

I  —  current  strength  in  amperes^ 
E  =  pressure  in  volts, 
R  —  resistance  in  ohms. 

from  (2)  is  derived  the  following: 

E  =  IR (3) 

R-| (4) 

Example* — ^A  circuit  having  a  resistance  of  5  ohms  is  under  a  pressure 
of  110  volts.     How  much  current  will  flow? 

Prom  Ohm's  law,  amperes  =  volts  H-  resistance  (equation  2)  —  110  + 
5  »  22  amperes. 

Example. — If  the  resistance  of  a  circuit  be  10  ohms,  what  voltage  is 
necessary  for  a  flow  of  20  amperes? 

From  Ohm's  law,  volts   »  amperes  X  resistance  (equation  3^   »  20 
X  10  =  200  volts. 

Example. — On  a  110  volt  circuit  what  resistance  is  necessary  to  obtain 
a  flow  of  15  amperes? 
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3.  Magnetic  Electricity 

The  latest  theory  of  magnetism,  well  supported  by  facts. 


Pig.  6.15S. — Ordinsri'  bone  ihoe  magnet  with  inia  iUines  showing  magneto  field. 
Pig.  0,1S€- — Biectromagnetic  field  aurroundins  a  condactor  with  coirent  flowing. 


■   +    +    +  Pig.  fl.lSS.-^tiains  in  the  ether. 
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assumes  that  the  molecules  of  a  magnetic  substance  are  minute 
magnets  by  nature,  each  having  two  poles. 

In  a  bar  magnet,  each  molecule  at  the  two  ends  may  be  supposed  to 
have  the  attraction  of  its  inward  pointing  pole  neutralized  more  Btrongly 
than  that  of  Uie  outW^  pointing  pole,  which,  therefore,  is  free  to  attract 
other  bodies. 


Fig.  6.159.— TIb  wi 


Pio.  8.160,— The  1 


Rule  S. — Like  poles  repd,  unlike  poks- attract  each  other. 


e  relation  exists  betwee 


Oersted,  a  Danish  ii 


...  1  magne        .     . 

tjgator,  in  1819,  anncunced  that  a  comf/ass  needle  is  disturbed  by  the  neigh- 
borhood of  an  electric  current.  If  the  wire  through  whidi  ijie  current  flows 
be  held  ubove  and  parallel  to  the  needle,  the  needle  tends  to  set  itscjf 
at  right  angles  to  the  wire.  The  lines  of  this  electromagnetic  force  must 
necessarily  be  concentric  circles  around  the  wire,  as  was  shown  in  fig.  6.105. 
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4,  Radio  Electricity 

In  wireless  work  the  electric  waves  representing  the  messages 
are  transmitted,  or  propagated,  from  the  sending  station  to 
the  receiving  station  through  the  ether,  the  latter  performing 
the  same  functions  as  the  wire  does  in  ordinary  telegraphy  and 
telephony  as  in  figs.  6,169  and  6,160. 


02. — Canducdvity  method  of  wireless  telegnphy:  turlh  tlu  mtdiunt,  Stciobeil  of 
la  discovered  that  the  earth  could  be  utilized  in  place  ot  the  usual  return  conductor 
in  telegraph  line  as  here  shown.  By  (facing  earth  plates  p  fi'  and  P.  F  connected 
er  and  having  a  ^Ivanometer  in  circuit  paralleL  with  the  first,  which  included  a  bat> 
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CHAPTER  92 

Primary  Cells 

Production  of  the  Current. — To  produce  current  electricity 
t  is  only  necessary  to  immerse'  a  piece  of  zinc  and  a  piece  of 


PiO.6.183. — Kmple  prunHTyecI!.  /(  coiuMa  ■>/ too  disumilirmetal  plats  ^nicti  as  copper 
■nddnc  which  are  called  the  eJemnd)  unmersed  in  the  electrolyte  or  eidtios  fluid  contained 
in  the  Blara  ju. 

Pig.  e.lM. — Simple  primaiy  cell  illustratinc  the  tenns  polei  anil  elements.  CartfuUa  notm 
that  the  lugollv  dtmtnl  hai  a/>otltlc»  poU,  and  Uu  potllltv  tltmetU  a  negallv*  p<it4, 

copper  or  carbon  in  an  acid  or  salt  solution  called  the  electrotype, 
thus  forming  a  primary  cell  as  in  figs.  6,163  and  6,164. 

If  the  copper  and  zinc  electrodes  be  cotmected  with  a  wire,  a.  current 
will  flow  from  the  copper  to  the  zinc,  the  copper  being  positively  charged 
and  the  zinc  negatively  charged,  although  tnside  the  ceil  the  action  is 
rei)erted,  the  current  fiottring  from  Ihesiru;  to  the  copper,  asshomiin&g.3,16i. 

Primary  cells  may  be  classed:  1,  according  to  their  chemical  features  as, 
a,  one  fltud,  and  b,  two  fluid,  and  2,  accormng  to  service,  as,  a,  open  cir- 
cuit, for  intennittent  work,  and  b,  dosed  circuit,  for  fumiahing  current 
continuously  as  in  telegraphy. 
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PlG«.  B,165  to  S.1T3.— VarimB  piinuiy  ccUb.  Fit.  0,105.  carbon  cell;  fig.  6,166,  Diniue 
IjK-Unrhe  ccQ  dnn^  fluid  with  wliil  dcpoUrii«r;  fis.  6.167,  Fullerulepfaons  lUndard  cell 
(wUpted  to  loufitana  tckphonbiE):  fis.  6.163,  EdiioD  nnfle  fluitfceU  luustic  lod*. 
electrolrta:  tuitsbia  for  ignitioii  and  It.  R.  agaal  work);  fig.  6.169,  GnneC  cell  (luiuble 
fareEperimeiiUlwoA);fiE.  6,170,  Bimseatwailuid  nil  (luiUble  for  eiperimental  work): 
fig.   6,171,   Duliell  Knvity   "OD      '      "'  " 


"ODW  foot"  jaittein 


ponxH  cap  ■•  dspendwl  opon  to  keep  the  liquid»«epM»t*:ioit«ble  for  cloied  cmzmt  work): 
fig.  6,172,  Puti  add  gnn^  cell  viib  denJariier  (tlu  effective  depolariier  pemute  both 
opeaandcIoMdcinnut  work):  Gg.  6,173.  Wheelock  cell  (cubooMidiucelemeaU). 
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la  one  fluid  cells  both  metal  plates  are  immersed  in  the  ^me  solution. 

In  keo  fluid  cells  each  metal  plate  is  unmersed  in  a  separate  solution, 

one  of  wtuch  is  contained  in  a  porous  cup  which  is  immersed  in  tUe  other 

Polarization. — In  the  operation  of  the  simple  primary  cell 

hydrogen  is  formed  . 

Some  bubbles  of  the  gas  rise  to  the  surface  of  the  dectrolyte  and  so 
escape  into  the  air.  but  much  of  it  clings  to  the  surface  of  the  capper  element 
which  tkat  gradually  becomes  covered  with  a  thin  film  of  hydrogen,  this  partly 


e, 175.— Round  ai 


L  rcctanfirular  typeA  of  the  bo  called  "dry' 


because  the  effective  plate  area  is  decreased  and  partly  because  the  hydro- 
gen tends  to  set  up  a  reverse  current,  the  output  is  considerably  diminished 
and  the  cell  is  said  to  be  polarized.  Because  of  this,  some  cells  are  pro- 
vided with  a  depolarizer,  or  substance,  which  prevents  polarization  by 
combinir^  with  tie  hydrogen. 

So  called   "Dry"   Cells. — ^A  dry  cell  is  composed  of  two 

elements,  usually  zinc  and  carbon,  and  a  liquid  electrolyte. 
A  zinc  cup  closed  at  the  bottom  and  open  at  the  top  forms  the 
negative  electrode;  this  is  lined  with  several  layers  of  blotting 
paper  or  other  absorbing  material. 
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when  cos-  I 


Slice,  effects  of  Hina!ianifttina  the  line,  u 
of  various  lolutbns.  etc.  Wth  a  complc 
Kt  of  elementa  (he  viiioua  forms  of  batten 


The  cUmps  will  hold  either  flat  or  round  et 
nients  and ,  as  they  are  attached  to  the  cap  by 
snivel  joint,  the  distance  between  theelemen 
can  be  vaiied  at  will .  The  clampi  are  insuUH 
from  each  other  so  that  there  can  be  no  sbo 
circuit  between  theclements.  The  elements  cs 
be  lemoved  without  disconnecting  thelead  wire 

BATTER  r  DIRECnOTfS 
AmaigamatlnB^ — A  ^ood  method  for  amalgi 

pour  A  few  drops  of  mercury  on  the  surface  aT 
rub  in  with  a  piece  of  cloth  attached  lo  a  aticL. 
This  is  perhaps  the  best  and  quickest  method 
although  the  most  eipen^ive. 

Amataamating  fluW.— Two-ounc««  mercury.  1  ounce  acqua  legia,  10  ounces  w»t 

LeClanche  Celt— Place  6  ounces  ammanium  chloride  into  jar  end  fill  with  water  to  t» 
thirds  its  capacity.  'Stir  well  until  the  salt  is  entirely  dissolved.    Place  elements  with  li 

Ctabon  CgUndtr  Ceii.— Directions  furnished  under  LeClanche  cell  apply  to  this  type 

cell»  except  that  tine  rod  is  placed  inside  carbon  cyliTider. 

Sanaon  Celt. — Directions  furnished  under  carbon  cylinder  cell  apply  to  this  type  of  ce 
Grova  Cell.— Outer  cell  contains  smalEamaled  zinc  plate  dipping  into  dilute  sulphui 

acid  (by  weight  10  parts  water  to  I  part  acid).    Jn  inner  porous  cup,  a  piece  of  platini       '' 


will  be  replaced  by  a  muddy  dark  greei 

Chromic  Acid  Solution.- There 

method  of  maldng  a  generally  useful  a 


may  be  replaced  by  a  chror 

le  rich  reddish  color  of  chroi 

;  formula,  but  the  moat  coi 
issolving  prepared  chromic  e 
late,  IDO  parts  water  and  i 


solution  copper  sulphate,  kept  continually  sa 
sulphate  crystals  on  bottom  of  jar.    Solutioi 
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The  positive  electrode  consists  of  a  carbon  rod  placed  in  the  center  of 
the  cup;  the  space  between  is  filled  with  carbon — ground  coke  and  dioxide 
of  manganese  mixed  with  an  absorbent  material.  This  filling  is  moistened 
with  a  liquid,  generally  sal-ammoniac. 

The  top  of  the  cell  is  closed  with  pitch  to  prevent  leakage  and  evapora- 
tion. A  binding  post  for  holding  the  wire  connections  is  attached  to  each 
•electrode  and  each  cell  is  placed  m  a  paper  box  to  protect  the  zincs  of  adja- 
cent cells  from  coming  mto  contact  with  each  other  when  finally  con- 
nected together  to  form  a  battery. 


tPiG.  6,178. — Series  battery  connection:  The  pressure  between  the  (+)  and  ( — )  tenninals 
of  the  battery  is  eqxial  to  the  product  of  the  voltage  of  a  single  cell  multiplied  by  the  number  of 
cells. 

Points  Relating  to  Dry  Cells.— The  following  items  shotdd 

be  carefully  noted: 

1. — ^Never  accept  dry  cells  from  a  dealer  without  testing  them  with  your 
awn  ammeter.    2. — ^Never  use  more  cells  in  series  than  is  necessary  to  do 


Pig.  6,179. — Multiple  or  parallel  connection.    The  voltage  is  the  same  of  thai  of  a  sin^  cdl, 
but  the  current  is  equal  to  the  amperage  of  a  single  cell  multiplied  by  the  number  of  cMs. 


the  work.  3 . — ^Where  there  is  vibration  (as  around  gas  engines)  do  not  connect 
cell  with  heavy  wire.  4.— If  the  cells  be  allowed  to  become  moist  or  wet 
they  will  be  ruined.  5. — Cells  deteriorate  with  age,  hence  demand  fresh 
cells,  and  do  not  fail  to  test  them  before  buying.  6. — ^To  strengthen  weak 
cells  injemergency,  punch  small  holes  in  cup,  place  in  sal-ammoniac  solution, 
allowing  cell  to  absorb  all  it  will  take  up;  close  holes  with  shellac,  or  solder. 


BA  TTER  Y  DIRECTIONS— Continued 

Gravity  Battery. — ^This  type  of  battery  is  merely  a  form  of  Daniell  cell,  where  the  two 
solutions  are  kept  separate  by  their  difference  in  gravity.  Place  2  pounds  copper  stUphate 
crystals,in  bottom  of  jar  with  copper  element.  Add  clear  water  to  fill  the  jar  when  elements  are 
in  position.  Allow  to  stand  for  2  hours,  unless  desired  for  use  at  once,  in  which  case  add  1 
otmce  zinc  sulphate  to  solution  and  suspend  zinc  over  edge  of  jar  when  liquids  are  sufBciently 
separated. 

Fuller  Cell, — ^Fill  glass  jar  half  full  of  chromic  acid  solution^  place  1  teaspoonful  mercury 
and  2  tablespoons  full  of  C9nimon  salt  in  the  porous  cup  and  fill  with  water  to  1>$  inches  of  top. 
The  carbon  element  containing  the  porous  cup  is  then  placed  in  the  glass  jar,  the  zinc  is  placed 
in  the  glass  jar  and  the  cover  over  it.  The  solution  should  fill  the  glass  jar  to  within  an  inch 
of  the  top. 

Edison  Cell. — Dissolve  contents  of  can  of  caustic  soda  in  jar  filled  with  water  to  mark. 
Insert  the  elements,  taking  care  that  the  copper  oxide  plate  is  at  least  1  inch  below  the  sur- 
face of  the  liquid.  Carefully  pour  contents  of  bottle  of  oil  on  surface  of  solution.  Oil  excludes 
all  air  and  keeps  salts  from  forming. 
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CONDUCTORS  AND  INSULATORS 


CHAPTER  93 


Conductors  and 
Insulators 


A  conductor  is  a  substance  which  permits  the  flow  of  electricity 
especially  one  which  conducts  electricity  with  great  ease. 


\\\     \\\     \\\    \\\ 
'  \\\      \\\     \\\     ^ 


Pigs.  6,182  to  6.184. — ^Various  covered  wires.    Fig.  6.182.  single;  fig.  6.183,  duplex;  fig.  6,184, 
automobile  high  tension  cable. 

Conductors  offer  more  or  less  resistance  to  the  flow  depending  upon  the 
material.    Copper  wirt  is  generally  used  as  it  offers  but  fittle  resistance. 

An  insulator  is  a  material  {erroneously  called  non-conductor) 
which  offers  great  resistance  to  the  flow  of  the  current 

There  is,  however,  no  substance  so  good  a  conductor  as  to  be  devoid  of 
resistance,  and  no  substance  of  such  high  resistance  as  to  be  a  nonconductor, 

A  conductor  is  said  to  be  insulated  when  it  is  supported  or  insulated 
in  such  a  way  that  it  does  not  touch  any  other  conductor  and  hence  so  that 
electricity  cannot  flow  from  it. 
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The  series  ii 

the  followim!  table 

possess  conductini:  power  in  diSerent 

degrees  in  the  order  irt  which  they  stand,  the  most  efficient  conductor  being 

first,  and  the  n 

lost  efficient  insulator 

being  last  m  the  list. 

Good 

Fair 

Partial 

Conductors 

Conductors 

Conductors 

Irwulaton 

Silver 

Charcoal  and  coke 

Water 

Slate 

Carbon 

The  body 

Oils 

Plumb^o 

Flame 

Porcelain 

Zinc 

Add  solutions 

Linen 

E^  paper 

Biass 

Sea  water 

Cotton 

Platinum 

Mahogany 

Sealing  wax 

Iron 
Nickel 

Metallic  ores 

Pine 

Guttapercha 

Rosewood 

Ebonite 

Tin 

substances 

Lignum  Vit« 

Mica 

I*ad 

Moist  earth 

Teak 

Glass 

Marble 

iJry  air 

,_ .        Jain  iniulatora.    Fig.  6,185.  tube  type;  figs.  6,188,  and 

6,187.  grooTed  iiiBuktocs, 

Resistance  and  Conductivity. — A  currenc  of  electricity 
always  flows  in  a  conducting  circuit  when  its  ends  are  kept  at 
different  pressures  in  the  same  way  that  a  current  of  water  flows 
in  a  pipe  when  a  certain  pressure  is  suppHed. 
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The  same  electrical  pressure  does  not ,  however,  alvrays  produce  a  current 
ot  electrid^  of  the  same  strength,  nor  does  a  certain  pressure  of  water 
always  produce  a  current  of  water  of  the  same  volume  or  quanti^.  In  both 
cases  the  streiiigth  or  volume  of  the  currents  is  dependent  not  onljr  upon  the 
e  applied,  but  also  upon  the  resistance  which  the  conducting  circuit 
a  the  flow  in  the  case  of  electricity,  and  on  the  friction  (whidi  may 
IS  resistance)  which  the  pipe  oEEers  to  the  flowin  the  caseof  water. 


Pnj.  fl.lSS.— Hydraulic 
cylmder  of  very  larB" 

-loftheflo™' 


The  hydTAulJc  pump  here  b^ 


it  which  nppotee  moR  a 


aflunst.    Sfmllarlgf  a  dyoAiDD  pumpe  electricity  through  a  ci 

Resistance  is  that  property  of  a  substance  that  opposes  the  flow 
of  an  electric  current  through  it. 

The  unit  of  resistance  is  the  ohm  already  defined.  The  inverse  of  resis- 
tance is  known  as  conductance  or  conductivity.  That  is  if  a  conductor  have 
a  resistance  of  R  ohms,  its  conductivity  is  equal  to  1  -^  R. 
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The  unit  of  conductance  is  the  mho,  which  is  the  conductance  offered  by 
a  column  of  pure  mercury  106.3  em.  long  and  14.4521  giams  in  mass  at 
the  temperature  of  melting  ice. 

Rule  S. — Resistance  varies  direcOy  as  the  JeneA  of  a  conduetor. 

Example. — If  the  resistance  of  15  ft.  of  wire  be  6  ohms,  wh&t  b  th« 
resistance  of  1,000  ft.  of  the  same  wire? 

resistance  1,000  ft.  of  the  wire  "  fi  X    ^'5^*  -  333}^  t^m* 

Xuie  7. — The  reiiilance  varies  itaiersdy  as  tin  cross  section  o/  a  condMClor, 


-7©- 


LARGE  COHDUCTDR 


il  and  5,102. — HydnuUc  ftiulotty  of  ctmdutHvUy.    The  direct  connected  centrifu^ 
!t  (fie.  e.191)  wiui  itivoall  engine  and  large  pump  suneati  the  pumpioa:  of  a  large 
...    .of  water  aaainrt  law  presBurv-~'dJ>  jfov.    SimiUaim,  in  ^.  5,192,  a  dynanw> 
having  an  externa]  circuit  of  very  Large  copper  wina  "pumix'  the  DL«tridty  againat  very 


PlGB^8.191  and  O-IM,"^);^ 

■i  very  lanM  t.,^.,.^   ™««.     ^« — _     ^   — ^.-,,   .«, 

,,  ____. .  . .,,„,  --. ^_.jd  aa  shown  would  ahow  verr  little  drop  indicatjnf 

mKh  conductivity.     Now  if  nutance  wine  were  lubMituted  for  the  copper  wirea,  Iha  volt- 
meter would  ihow  a  large  drop  iodicating  Tow  conductivity. 

Example. — A  conductor  .01  sq.  in.  m  cross  sectional  area  has  a  resis- 
tance of  .075  ohm  per  ft.  What  is  the  resistance  of  a  conductor  of  the  same 
material  .04  sq.  in.  and  one  foot  long? 

The  ratio  between  the  two  areas  is  .04  -i-  .01  —  4,  heni:^,  since  the  rens- 
tanoe  varies  inversely  with  the  areas 

resistance  of  lai^  wire  —  .075  4-  4  —  .01876  . 

Conductivity    or   Conductance. — ^This   is    the  inverse  of     i 
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resistance.    The  term  expresses  the  capability  of  a  substance  to 
conduct  the  electric  current. 

Good  conductors  of  heat  axe  also  good  conductors  of  electricity. 

Specific  Conductivity. — By  definition  this  is  the  figure  which 
indicates  the  relation  between  one  substance  and  another  as  to 
their  capacity  to  conduct  electricity. 

The  following  table  gives  the  data  for  a  few  metals: 


www 

R 


•-VWWWNAA 
R' 


<^-QH^-(& 


Fig.  6,193. — Divided  circuit  with  two  conductors  in  parallel. 


Substance 


Specific  resistance 
in  microhms 


Silver 1 .  609 

Copper 1 .642 

Gold. 2.154 

Iron  (soft) 9.827 

Lead 19.847 

German  silver 21 .  470 

Mercury  (liquid) , 96 .  146 


Specific 
conductivity 

100. 
96. 
74. 
16. 

8. 

7.5 

1.6 


Diyided  Circuits. — If  a  circuit  be  divided,  as  in  fig.  6,193, 
into  two  branches  R  and  R',  the  current  will  also  be  divided, 
part  flowing  through  one  branch  and  part  through  the  other. 


.Rule  8. — In  a  divided  circuit  the  relative  strength  of  the.  current  in  the 
several  branches  is  proportional  to  their  conductivities. 
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Example.— It,  in  fig.  6,193,  the  resistance  of  R*10  ohms,  and  R'-20 
ohms,  the  current  through  R,  will  be  to  the  current  through  R',  as  Vio  is  to 
Vto;  or.  as  2:1 ,  or ,  in  other  words,  Vi  of  the  total  current  will  pass  through  R, 
and  Vs  through  R'.  The  joint  resistance  of  the  two  branches  will  be 
less  than  the  resistance  of  either  branch  singly,  because  the  current  has 
increased  facilities  for  travel.  In  fact,  the  joint  conductivity  will  be  the 
sum  of  the  two  separate  conductivities. 


Taking  again  the  resistance  of  R  —  10  ohms  and  R' 
conductivity  is 


20  ohms,  the  joint 


10   \  20 


20 


and  the  joint  resistance  is  equal  to  the  reciprocal  of  '/»  or  6  Vi, 


Pio.  6,194. — ^Hydraulic  analogy  for  divided  circtiits.  tn  the  ayatem  of  pipes  shown,  water 
flows  from  A  B  to  CD  through  the  six  vertical  pipes  1  to  6,  the  greatest  amount  going  through 
the  one  which  offers  the  least  resistance.  The  electrical  circuit  presents  the  same  conditions, 
the  greater  the  number  of  parallel  connections  (corresponding  to  the  pipes  1  to  6)  the  less 
it  the  resistance  encountered  by  the  current. 


Example. — ^A  current  of  42  amperes  flows  through  three  conductors  in 

parallel  of  5,  10  and  20  ohms  resistance  respectively.    Find  the  current  in 

each  conductor. 

1117 
joint  conductance  =--.-f----f-— .=  j_ 

5        10      20      20 

Supposing  the  current  to  be  divided  into  7  parts,  4  of  these  parts  would 
flow  m  the  first  conductor,  2  in  the  second  and  1  in  the  third. 

The  whole  current  is  42  amperes. 

yTof42  -  24 
Vt  of  42  «  12 
Vt  of  42  -    6 


Current  in  first  conductor  »  24  amperes 
"  second        "      «  12 
"         "  third  "      -    6 


•} 


Ans. 
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CHAPTER  94 

Electrical 
and  Mechanical  Energy 

The  production  of  electricity  is  simply  a  transformation  of 
energy  from  one  form  into  another. 

The  electrical  unit  of  work  is  the  volt  coulomb  to  amount  of  work  per- 
formed when  one  ampere  of  current  flows  for  one  second  in  a  circuit  whose 
resistance  is  one  ohm,  when  the  pressure  is  one  volt. 

The  Ampere-Hour. — A  gallon  of  water  may  be  drawn  from 
a  hydrant  in  a  minute  or  in  an  hour;  it  is  still  one  gallon.  So 
in  electricity,  a  given  amount  of  the  current,  say  one  coulomb, 
may  be  obtained  in  a  second  or  in  an  hour. 

The  ampere  is  the  unit  rate  of  flow ,  that  is 

one  ampere  »  one  coulomb  per  second 

For  commercial  purposes  the  ampere  hour  which  is  a  larger  unit  of  elec- 
trical quantity  than  the  coulomb  is  used.  An  ampere  hour  is  the  quantity 
of  electricity  passed  by  one  ampere  of  current  in  one  hour,  or  its  equivalent, 
that  is,  since  one 

ampere  =  one  coulomb  X  one  second,  and  one  hour  =  60  X  60  »  3,600  sec. 

one  ampere  hour  =  1  ampere  X  3,600  seconds 

«  60  amperes  X  60  seconds 
—  3,600  amperes  X  1  second 

which. means  that  one  ampere  hour  =  one  ampere  flowing  one  hotir,  or 
60  amperes  flowing  one  mmute,  or  3,600  amperes  flowing  one  second,  or 
any  other  equivalent. 
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Example. — ^It  is  sometimes  estimated  that  the  quantity  of  electricity 
in  a  Gash  of  lightning  is  Vio  coulomb,  and  the  duration  of  tiie  discharge 
^5^55  part  of  a  second.    What  is  the  current  in  amperes? 

Now  since 

coulombs  ■■  amperes  X  seconds. (1) 

solving  (1)  for  the  current, 

coulombs  ,^. 

amperes  = r- (2) 

*^  seconds  ^ 

substituting  the  given  values  in  (2) , 

Vio 
amperes  ~      ^      —  2,000 

20.000 

Watts  and  Kilowatts. — One  watt  is  ine  power  due  to  a 
current  of  one  ampere  flowing  at  a  pressure  of  one  volt. 

That  is,  one  watt  =*  one  ampere  X  one  volt 

=  (one  coulomb  X  one  second)  X  one  volt 
=  (one  coulomb  X  one  volt)  X  one  second 

and  since  one  joule  is  the  amount  of  work  done  when  one  coulomb  of  elec- 
tricity flows  under  a  presstire  of  one  volt, 

one  watt  =  one  joule  per  second 

Since  the  watt  is  too  small  a  unit  for  convenience  in  some  commercial 
ratings,  as  for  instance  the  output  ratings  of  d3aiamos,  motors,  etc.,  a 
thousand  watts  or  one  kilowatt  (abbreviated  kw,  is  used),  thus  a  50,000 
watt  dynamo  is  called  a  50  kw,  dynamo. 

The  Watt  Hour. — This  unit  represents  tne  amount  of  work 
done  by  an  electric  current  of  one  ampere  strength  flowing  for  one 
hour  under  a  pressure  of  one  volt;  that  is. 

One  watt  hotir«One  ampere  X  one  hour  X  one  volt; 

=  3,600  coulombs  X  one  volt. 

Example. — ^An  incandescent  lamp  taking  one-half  an  ampere  of  current 
on  a  circuit  having  a  pressure  of  100  volts,  or  a  lamp  taking  one  ampere  on 
a  circuit  having  a  pressure  of  60  volts,  would  each  be  consuming  50  watts  of 
energy,  and  this  multiplied  by  the  number  of  hours  would  give  the  total 
number  of  watt-hours  for  any  definite  time. 

Electrical  Horse  Power. — One  watt  is  equivalent  to  one 
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joule  per  second  or  60  joules  per  minute.     One  joule  in  turn, 
is  equivalent  to  .7374  ft.  lbs.,  hence  60  joules  equal: 
60X.7374=44.244ft.  lbs. 
Since  one  horse  power  =  33,000  ft.  lbs.  per  minute,  the  elec- 
trical equivalent  of  one  horse  power  is 

33,000-^-44.244  =  746  watts. 


'ic.  e.IflS. — Catlendar'i  mcctumiul  equivalent  of  hut  nppaiatus  (Central  SdeotiGc  Co.) 
With  this  apparatus  a  lecturer  can  obtain  in  about  ten  minuCei  in  the  presence  of  a  cl«M  ol 

772,  known  ii  "Joules  equivalent."  mon  recent  experiment  by  Prof.  Rowland  (ISSO)  and 
others  give  hi£h  figures:  T7S  ii  ffenenlly  accepted.     Marks  and  Davis  value  is  777.54  ft.  lb>t 


746 
7-7^  =  .746  kilowatts 

Again  one  kilowatt  (kw.)  or  1 ,000  watts  is  equivalent  to 
1,000-^746  =  1.34  horse  power. 
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Heat. — By  definition,  heat  is  a  form  of  energy.  Heat  is 
produced  in  the  agitation  of  the  molecules  of  matter — ^the 
energy  expended  in  agitating  these  molecules  is  transformed  into 
heat. 

Heat  is  measttred  in  calories  or  British  thermal  units  (abbreviated  B,Lu.), 

A  calorie  is  the  amount  of  heat  necessary  to  raise  the  temperature  of  one 
gram  of  water  from  (f  to  V  Centigrade;  sometimes  called  the  smaller  calorie 
or  therm, 

A  British  thermal  unit  {B,t.u,)  is  ^  of  the  heat  required  to  raise  1  lb.  of 
water  from  32'*  to  212*  Fahr.     {Marks  and  Davis) 

The  calorie  is  used  for  calculation  in  Physics  and  the  British  thermal 
imit  for  commercial  calculation. 
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CHAPTER  95 

Current  Effects 

Electricity  being  an  invisible  agent,  known  only  by  its  ejects, 
it  is  important  to  note  these  effects.     They  are; 

1.  Thermal  effect.  3.  Chemical  effect. 

2.  Magnetic  effect.  4.  Mechanical  effect. 

Thermal  Effect. — The  conductor  along  which  the   current 
K. 


.  ..louthcd  Btoppered  battle  ^J^d.  uxi^dfl  down,  with  il*  Btopper.  b 
wooden  box;  the  Glopper  wu  perforated  go  a9  to  give  passAge  to  two  thiclc  putinum  1 
connected  at  one  end  with  binding  screws,  3,  while  their  free  ends  were  provided  with 

tained  oIgoIidI.  the  temperBture  oC  which  was  indicated  by  a  thermometer  fitted  in  a  cork 

Pic.  a. 197 .—The  Soebeek  e3e«;  K.  in  a  eomplel*  meUllk  circuit  having  junctions  of  dia- 
•inular  metals,  the  juoctioni  be  at  different  temperatureG.  then  a  steady  current  will  flow  in 
the  circuit  u  long  as  the  differcncM  of  the  temperatures  of  the  junction  is  maintained.  To 
demonstrate  this,  a  nece  of  copper  K.  bent  in  the  shape  seen  m  the  figuRi  vas  placed  on 
a  block  of  bismutii  AB,  csrryina  a  pivoted  raagastie  nodle  NS.    As  *oon  u  tba  equalitr 
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flows  becomes  heated.  The  rise  of  temperature  may  be  small  or 
great  according  to  circumstances,  but  some  heat  is  always 
produced. 

Ride  9.— JOULE'S  LAW:— The  heat  generated  in  a  conductor 
by  an  electric  current  is  proportional  to:  i,  the  resistance  of  the 
conductor,  2,  the  time  during  which  the  current  Hows,  and  5,  the 
square  of  the  strength  of  the  current. 

Case  1. — Volts  given. 

The  quantity  of  heat  in  calories  may  be  calctdated  by  use  of  the  equation, 

calories  per  second  =  volts  X  amperes  X  .24* (1) 

The  total  number  of  calories  developed  in  a  given  interval  of  time  is 
found  by  the  equation, 

heat  =  volts  X  amperes  X  seconds  X  .24 (2) 

Example. — If  a  current  of  10  amperes  flow  in  a  wire  whose  terminals  are 
at  a  pressure  diflEerence  of  12  volts,  how  much  heat  will  be  developed  in  5 
minutes? 

Substituting  in  equation  (2): 

10  X  12  X  (60  X  5)  X  .24  =  8,640  calories 
Case  IL — Volts  not  given. 
Since  by  Ohm's  law  the  pressure  difference,  or 

volts  =  amperes  X  ohms 
Substituting  in  equation  (2) 

heat  —  amperes  *X  ohms  X  seconds  X  .24 (3) 


Fig.  6,196. — Text  continued, 

inserted  in  a  hole  made  in  the  bottom  of  the  vessel.  The  current  was  passed  through  the 
platintim  wires,  and  its  strength  measured  by  means  of  a  galvanometer  interposed  m  the 
circuit. 

Fig.  6 ,197 . — Text  continued, 

of  temperatures  was  altered  by  either  heating  or  cooling  one  of  the  junctions  of  the  two 
metals,  the  needle  indicated  a  current  which  continued  to  flow  as  long  as  the  difference  of 
temperature  was  maintained  at  the  junctions. 


•NOTEw — ^Heat  amotmting  to  .24  calorie  equals  the  work  represented  by  one  joule. 
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Substituting  in  (3) 

heat  =  1>  X  150  X  (60  X  30)  -  64,800  call 
and  since  1  calorie  =  3.968B./.a., 

heat  =  64,800  X  3.968  -  257,126B.*.«, 


Heat  Produces  Electricity.— When  a  rod,  say  of  bismuth  is 
soldered,  end  to  end,  to  a  rod  of  antimony,  and  the  two  free  ends 
are  connected  to  a  wire,  then  when  the  junction  is  heated,  a 


current  will  flow  through  the  whole  circuit  in  the  direction  from 
bismuth  to  antimony.  If  the  jimction  be  cooled,  the  current 
will  flow  from  antimony  to  bismuth. 

Anin,  if  a  current  be  sent  through  such  a  rod  in  the  directicm  from  bis- 
muth to  antiaiony,  the  junction  bwrames  cooled;  when  from  antimony  to 
bismuth,  the  junction  is  heated.  Two  dissimilar  metals  soldered  together  is 
called  a  iha-mo-electric  couple. 


Ma^etic  ^ect. — The  space  both  outside  and  inside  the 
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substance  of  the  conductor,  but  more  eBperially  the  former, 
becomes  a  "magnetic  field"  in  which  delicately  pivoted  or  sus- 
pended magnetic  needles  will  take  up  definite  positions  and 
magnetic  materials  will  become  magnetized. 

Chemical  Effect. — If  the  conductor  be  a  liquid  which  is  a 
chemical  compound  of  a  certain  class  called  electrolytes,  the  liquid 
will  be  decomposed  at  the  places  where  the  current  enters  and 
leaves  it. 


OR      ANODE'  OR  CATHOOE 

Pra.  fl.lM. — Electiolyte  cell  ihowing  awotul  paru. 

Rule  W.— GROTTHUSS'  THEORY  (announced  in  1806).  The  moU- 
eiiUs  in  an  electrolyU  have  their  individual  electro-positive  and  eUctro-netative 
aioms  charged  positively  and  negatively  respectively. 

Faraday  stated  several  laws  of  electrolysis  as  follows: 

Rtde  II,— LAW  NO.  l.—The  miattlity  of  an  ion  Uberaled  in  a  eiven  Um» 
is  proporlionai  to  the  quantity  of  electricity  that  has  passed  through  the  votta- 
meier'  in  that  time. 

Rule  12.— LAW  NO.  2.— The  guanlity  of  an  ion  liberated  in  a  voltameter 
is  proporliorud  lo  the  electro-chemicai  equivalent  of  the  ion. 

Rule  13.— LAW  NO.  3.— The  quantity  of  an  ion  liberated  is  equal  to  the 
electro-chemical  equivalent  of  the  ion  multiplied  by  the  total  quantity  of  elec- 
tricity that  has  passed.  ,    . 
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Mechanical  Effect. — Like  poles  repel  each  othgr  and  unlike 
poles  attract  each  other,  thus  producing  mechanical  movement. 
Upon  these  phenomena  depend  the  operation  of  motors,  dyna- 
mos and  most  other  electrical  apparatus. 


Pig.  6,200.— Elrrtrolytioce 
in  water,  the  molecules  ar 
eodi  pouitiae  in  all  direct  i 


middla  ot  the  liquid,  however 
meet  the  oxfgta  btoou  trtvi 
repmented  ia_row  3.    The 


atiaff  Grotthua;' theory-  In  an  ordinary  liQuid.  for  iiut»Dce 
^cl  indifferently,  like  row  1,  with  their  positive  and  aegatrre 
hen  the  chais^  plates  A  and  B  connected  to  the  +  and  — 

are  turned  towaidB  the  ( — )  plate  B  and  ail  the  OJtygca  or 
C+)  plate  A.  All  along  the  row  the  ekctrieal  form  an 
ndcr,  depositing  H.D  .  ^         . 

imbine.ior  thchydrot__  — ,. 
direction,  bj 
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Fig.  64203. — Galvani's  experiment  upon  frogs' legs  illustratinir 
muMcuUar  contractiona.  It  was  discovered  in  1678  that 
when  a  portion  of  a  muscle  of  a  frog's  leg,  hanging  by  a  thread 
of  nerve  bound  with  a  silver  wire,  was  held  over  a  copper 
support  so  that  both  nerve  and  wire,  touched  the  copper^ 
the  muscle  immediately  contracted. 

Pig.  6,204. — ^Decomposition  of  water  by  electrolyses.  Fill 
apparatus  with  acidulated  water  through  central  tube  allow- 
ing air  to  escape  through  cocks  S  and  S'.  Now  if  terminal 
T,  be  attached  to  the  positive  and  T'^  to  the  negative  pole  of 
a  suitable  battery,  bubbles  of  gas  will  be  observed  to  rise  from 
the  plates  P  and  F',  and  finding  their  way  to  the  top  of  the  re- 
spective tubes,  will  displace  the  liquid,  which  will  be. driven 
_    .  into  the  open  central  tube.    The  gas  rising  from  the  anode 

P.  u  oxygen  (O),  and  that  nsing  from  the  kathode  P'.  i^  hydrogen  (H).  If  the  tubes  be 
graduated,  the  latter  will  be  found  to  occupy  about  twice  the  volume  of  the  former.  The 
proportion  is  theoretically  2  to  1. 


HIGHER 
LEVtL> 


PD)U>US  PARTITION 


Fl6.  6,205. — ^Electrolyte  cell  with  porous  partition  illustrating  electrie  oBtnoaiB,  Porret 
obaerved  that  if  a  strong  current  be  led  into  certain  liquids,  a  porous  partition  being  placed 
between  the  electrodes,  the  liquid  is  carried  by  the  current  through  the  porous  partition, 
until  it  is  forced  up  to  a  hifl^er  level  on  one  side  than  on  the  other.  This  electric  action  is 
most  pronounced  when  the  experiment  is  made  with  liquids,  which  are  poor  conductors. 
The  movement  of  the  liquid  takes  place  in  the  direction  of  the  current. 
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CHAPTER  96 


Magnetism 


Nobody  knows  what  magnetism  really  is,  but  the  latest  and 
generally  accepted  theory  assumes  that  the  molecules  of  a  magnetic 
substance  are  minute  magnets  by  nature,  each  having  two  poles. 

A  magnet  has  two  kinds  of  magnetism  residing  in  the  ends  of  the  magnet. 
These  ends  are  called  the  poles.  These  poles  are  distinguished  as  north 
and  south,  because  if  the  magnet  were  suspended  by  a  thread  or  balanced 
on  a  pivot  free  to  turn,  the  north  pole  would  point  approximately  to  the 
earth  s  geographical  north,  while  the  south  pole  would  point  approximately 
to  the  earth's  geographical  south.  The  north  pole  is  the  positive  (-f-)  pole 
and  the  south  pole  the  negative  ( — ).  pole. 


Figs.  6,206  and  6,207. — Simple  bar  magnet  and  horse  shoe  magnet  with  keeper.  These  are  known 
as  Permanent  magnets  in  distinction  from  electro-magnets.  The  horse  shoe  magnet  will 
attract  more  than  the  bar  magnet  because  both  poles  act  together.  A  piece  of  soft  iron, 
or  keei>er  is  placed  across  the  ends  of  a  horse  shoe  magnet  to  assist  in  preventing  the  loss  of 
magnetism. 

T}G.  6,208. — Magrtetic  pole: — ^If  a  bar  magnet  be  plunged  into  iron  filings  and  then  lifted,  as 
illustrated  in  the  figure,  a  mass  of  filings  will  cling  to  the  ends  of  the  magnet  but  not  to 
the  middle.     The  ends  are  called  the  pdes  of  the  magnet. 
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Pigs.  6J200  and  6.210.—- Experiment  illtistrating  the  molecular  theory  of  magnetism.  Coane 
steel  filings  are  placed  inside  a  small  glass  tube  and  the  contents  magnetised .  It  will  be  found 
that  filixigs  which  at  first  had  no  d^nite  arrangement  will,  rearrange  themselves  ^under 
the  influence  of  magnetic  force,  and  assume  symmetrical  positions,  each  one  lying  in  line 
with,  or  parallel  to  its  neighbor,  as  shown  in  fig.  6.210. 


-/V 


X 


swwr*:^ 


Pig.  6J211.— Badly  magnetised  bar.  If  an  abnormal  magnet  with  more  than  two  poles  b* 
dipped  into  iron  filings,  the  latter  will  adhere  at  places  other  than  the  two  ends,  as  shown. 
The  polarities  are  alternately  N  and  Sjthat  is.  the  regions  N,  B.  N.  have  north  polarity, 
while  A  and  C»  have  south  polarity.    These  are  known  as  contequent  pohs. 


Pigs.  6.212  and  6,213.— Horizontal  inafi(netic  needle  and  magnetic  "dtp"  needle.  The  horiaon- 
tal  needle  indicates  the  magnetic  meridian,  and  the  dip  needle  indicates  the  angle  which  the 
lines  of  force  make  with  the  horizontal.  In  the  northern  hemisphere  the  N  pole  of  the  needle 
is  d^ressed.  in  the  southern  hemisphere  the  S  pole  is  similarly  affected. 
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Fios.  8J14  to  B.220.— Effect  of  breslranffaniMet  into  Kveial  parte,  torh  pnrl  mill  be  fouod 


Fic.  fl;j21. — Tracing  lines 


Via.  Sj22.— Simple  compasa.     It  caiaUlm  of  ■ 

rtected  by  a  brau  esse  covered  with  slaS3  ani.  „  .,~^^ — „  v 
E,  S.  VI.  to  indicate  the  cardinal  points,    oft  is  a  level  Trbich 
ing  it  against  the  eIbb  when  tlie  button  d  is  pKsaed, 


agnetic  needle  resting  on  a  steel  v 
graduated,  circle  marked  iviththe  it 
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Magnetic  Field. — This  comprises  the  region  around  a  magnet 
through  which  magnetic  forces  act. 

The  magnetic  field  is  said  to  be  composed  o£  linei  offeree;  these  lines  ore 
of  drctdoT  form.  The  field  is  most  intense  near  tli«  poles  of  the  magnet, 
becoming  weaker  and  weaker  as  the  distance  frmn  the  magnet  is  incr^sed 
until  they  finally  disappear. 

Mf^netic  Force.— r/tw 

is  the  force  with  uAich  a 
magnet  attracts  or  repels  on 
the  magnet  another  piece  of 
iron  or  steel. 

Rule  14. — Like  mafnelic 
pelet  repel  one  another;  unlike 
mapKtic  pttetaOraetone  anolher. 

Rule  IS.— The  force  exerted 
between  tvio  magneHc  polei  variet 
inversely  as  Ike  square  <^  Ste 
distance  between  than. 


d  placed  over  a  magnet  a 
inmiBcivn  m  cjurvca  reaching  from  pole  to  pole ,  ' 
the  apace  in  which  a  magnet  m""' "■ '"'  "'" 


"H.^ 


-\ 


MAGNETISM 


he  employed  and  that 

in  ths  qsantity  oE  eflect'producfd.  and  the  results  t 
inteituplcd  b/  oatcr.  unless  the  internipticoi  be  of  gr 


ia>onth9 

>l  depend 

lid  be  deflected 


Fid.  6,227. — Sclmeager'sejroeriment.BhowinBeffectof  several  turni  of  wm.  In  1821  Schwa 
ger  plated  a  compass  needle  in  the  center  of*  pa^lleloBrflm  and  wound  several  turns  of  wi 
•round  it,  u  ihown.  each  turn  being  insulated.  Movable  magnet  galvunometers  utili 
the  principle .  of  Schweiner's  appBiBtus  for  tbeir  opention.    Schweig(er's  aippantus  w 


the  pimciple  of  Schweimer  s  ap 
called  Schweigger'5  multiplier. 
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Ma^etic  Circuit. — The  path  taken  by  the  magnetic  lines  of 
force  is  called  the  magnetic  circuit;  the  greater  part  of  such  a  circuit 
is  usually  in  magnetic  material,  but  there  are  often  one  or  more 
air  gaps  included.; 

The  following  definitions  should  be  carefully  noted: 

Magnetic  Flux* — The  total  number  of  lines  of  force  in  the  magnetic  circuit 

Reluctance. — The  resistance  offered  to  the  magnetic  flux  by  the  substance 

magnetized;  magnetic  resistance.    It  is  equal  to  the  ratio  of  the  magnetic 
force  to  the  magnetic  flux. 

Oersted* — The  unit  of  reluctance  being  the  reluctance  offered  by  a  cubic 
centimeter  of  vacuum. 


N     <       >     N 


/  i  ^vS/1^  ^ 


mt\im       v'jillv*      REPiaiNG  ATTRACTINQ     VvST:^^/ ATTIWCTIMfi 

FORCE  '^  \^         FORCE  FOWC  N^TTi^       ^^^^ 

P1G6.  6^2S  and  6,220. — Mutual  effect  of  like  and  unlike  poles;  like  poles  repel  each  other;  unlike 
Poles  attract  each  other 

Maxwell. — The  amount  of  magnetism  passing  through  every  square  centi- 
meter  of  a  field  of  unit  density, 

*  Gauss. — The  intensity  of  field  which  acts  on  a  unit  pole  with  a  force  of 
one  dyne.     It  is  equal  to  one  Itne  of  force  per  square  centimeter, 

Ma^etic  Effect  of  the  Current. — Much  is  due  to  Hans 
Christian  Oersted,  who  made  numerous  experiments  in  mag- 
netism. 

Rule  itf.— OERSTED'S  DISCOVERY—^  magnet  tends  to  set  itself  at 
right  angles  to  a  wire  carrying  an  electric  current. 

Oersted  also  foimd  that  the  way  in  which  the  needle  turns,  whether 


NOTE.— flan«  ChrUtian  Oereted,  bom  1777,  died  1851,  the  Danish  physicist,  was  noted 
for  his  experiments  on  the  magnetic  needle  with  the  electric  current. 

*NOTE.— JTar/  Friedrich  Gaues,  bom  1777,  died  1855.  He  was  a  Gemian  mathema- 
tician, founder  of  the  mathematical  theory  of  electricity  and  inventor  of  the  bifilar  magneto* 
meter.    The  tmit  gauss  was  named  after  hmi. 
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Pica.   6,230  and  B,231.— Ampere'i  eipetimenl*.     Pollowing  Oented'i  ducovery.  Anipen 
be^BQ  his  invutigatioTU.    He  nvcned  Oersud'i  expenmcnt  {fig.  6.230}  mnd  ■hoved  tlw 

peodcd  from  mercury  cups.  When  a  magnet  is  pluced  near  this  frame  and  cunmt  is  flow- 
ing, the  frame  Bill  be  attracted  by  the  msgnet.  Another  eiperiment  peTformed  by  Aopete 
was  urilh  a  solenoid  whose  ends  were  attached  to  coppw  Bnd  line  electtDdei  immeised  in 
■n  add  solution  thus  fomung  ■  cell  as  in  fig.  S.231.  When  aiupended  as  shown  one  end  of 
the  Bolenaid  will  be  attracted  by  a  magnet. 
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to  the  light  or  ]eft  of  its  usual  position,  depends^  1,  upon  the  position  ol 
the  wire  that  canies  the  current,  whether  it  be  above  or  below  the  needle, 
and  2,  on  the  direction  in  which  the  current  flows  through  the  wire. 

Bute  //.—CORKSCREW  RULE—//  (A*  directum  of  travel  of  a  tight 
handed  corkscrew  represent  the  direction  of  the  current  in  a  straight  con- 
duclor,  the  direction  of  rotation  of  the  corkscreui  will  represent  the  direction  of 
the  magnetic  lines  of  force, 

BEFORE  ^'^^'.■■:^^^---:~r:'--::r->^ 

^las.  e.233  and  6.233.— Amngemi 


arktrrea"    luit.     If    i 


Fic.  e.235. — 1U§M  fund  rula  for  direction  of 
toAgnetic  field  mround  a  ooaductor  CAJTrins  a 
niTTent.  Tiu  Oixmbot  Of  ritiiDaKd  if  pXaad 
aions  the  amdncbx,  pointiii  in  th€  diritUm  <n 
which  Iht  atrrcnt  isjio'^nf.  Ihtn,  if  the  filters 
ii  parUy  ctosid.  ai  ilumH  in  the  ittHlIralton,  tkt 
fnttr  tips  yrOl  toM  in  Iht  UrtOton  (/  tht 
mapntii  whirls. 
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Ride  28.— RIGHT  HAND  RULE— r^  thumb  of  the  right  hand  is  placed 
along  the  conductor,  pointing  in  the  direction  in  which  the  current  is  flowing 
— tJm^t  if  the  fingers  he  partly  closed,  the  finger  tips  will  point  in  the  direction 
of  the  magnetic  whitis. 

Rule  /^.-—AMPERE'S  RVLE— Suppose  yourself  to  be  in  the  wire, 
floating  with  the  current  and  facing  the  needle;  its  north  pole  will  turn  toward 
your  left  hand. 


Pigs.  6,236  and  6,237. — ^Amperes  left  hand  rule:  Suppose  a  man  svfimming  iH  the  wire  with 
the  current,  and  that  he  turn  so  as  to  face  thi  needle,  then  the  N. -seeking  pole  of  the  neeiUe  will 
be  deflected  towards  his  left  hand. 
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direction   in  which  the  thumb  Points  v/ill   indicate   the 

Pic.  6,239. — ^Lines  of  force  of 
a  circular  loop .   If  a  current 
flow  through  the  loop  in  the 
direction  indicated  the  lines 
of  force   both   inside   and 
outside  the  loop,  will  cross 
the  plane  of   the   loop  at 
right  angles,  and  all  those 
which  cross  the  loop  on  the 
inside  will  pass  through  the  plane  in  one  direc- 
tion (downward  in  the  figure),  while  all  on  the 
outside  will  rettun  through  the  plane  in  the 
opposite  direction. 


Fig.  6.238. — ^Right  hand  pahn  rule 
to  determine  the  direction  of  the 
magnetic  field  around  a  conductor 
carry iiuf  a  current.  Place  the 
Palm  of  the  outstretched  right  hand 
above  and  to  the  right  side  of  the 
wire  with  the  fingers  pointing  in 
the  direction  of  the  current  and  the 
thumb  extended  at  right  angles, 
that  is,  pointing  downward.    The 

direction  of  the  magnetic  whirls. 
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Solenoids. — A  solenoid  consists  of  a  spiral  of  conducting  wire 
wtmnd  cylindrically  so  that,  when  an  electric  current  passes 
through  it,  its  turns  are  nearly  equivalent  to  a  succession  of 


folded  oD  the  eudboud  «iid 


PlU.  6,241. — Mfhl  hmdpatm  nile  to  determiQe . .. 

,     .       ■ ^.     p[o£,  ji,  ^i^„  qf  Ihe  oulilreUhtd  ritht 

Hgers  poinlini  is  the  diriciion  of  fht  curreni,  thai  ii,  folnlitii 

rd.  atut  Ikt  Ihumb  txtndtd  at  riilil  anglis,    Tkt  dirutbm  In  which  tht  Hmnih  p«lnis 

wJU  indlcalt  llu  dbccliim  of  Mc  magiKht  fidil. 


J 
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parallel  circular  circuits,  and  it  acquires  magnetic  properties 
similar  to  those  of  a  bar  magnet. 

the  current  fltmi  Ihrimgh  a  sohn^id 


The  rule  which  follows  is  the  most  conveniently  applied  rule 
for  polarity  of  solenoids. 
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Rule  «.— EIGHT  HAND  RULE—//  the  solenoid  be  grasped  in  the 
rigkt  hand,  so  that  the  fingers  point  in  the  direction  in  which  the  current  is 
Jhviing  in  the  wires,  the  thumb  extended  vnU  point  in  the  direction  of  the 
north  pole. 

Rule  23.— CLOCK  RULE— For  a  person  standing  at  the  south  pole  of 
a  solenoid,  the  current  flows  in  Ike  direction  in  v/kich  the  hands  of  a  clock 
turn,  from  the  left  otier  to  the  right;  if  he  stand  at  the  north  pole,  the 
current  will  flow  counter  clockwise. 


PERMfABILITV 


-i  / 


PiCB.  0^5  and  B.24S.— niiutratrng  I 
Pew  lino  paw  IhrouBh  the  air  core, 
cf  lioH  B,  passing  through  a  unit  ci 
lines  H,  passing  through  a  unit  crcd 
designated,  by  iba  Giselc  latlet  M. 


Permeability. — This  is  a  measure  of  the  ease  with  which 
magnetism  passes  through  any  substance.  It  is  defined  as: 
the  ratio  between  the  number  of  lines  of  force  per  unit  area  passing 
through  a  magnetizable  substance,  and  the  magnetizing  force  which 
produces  them. 
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Rule  24. — The  permeability  of  any  piece  of  material  increases  with  the 
increase  of  cross  section  and  decreases  with  the  increase  of  length. 

Magnetic  Saturation. — ^Por  all  practical  purposes,  magnetic 
saturation  may  be  defined  as:  That  point  of  magnetism  where 
a  very  large  increase  in  the  magnetizing  force  does  not  produce  any 
perceptible  increase  in  the  magnetization;  that  is,  the  state  of  a 


perceptible  increase  in  the  magnetization;  that  is 


Figs.  6,247  to  6.249. — Ampere  turns.  By  definition  the  ampere  turns  is  equal  to  the 
product  of  the  current  passing  through  a  coil  multiplied  by  the  number  of  turns  in  the  coil.  Thus, 
in  fig.  6,247,  ampere  XI  turn  =  1  ampere  turn;  in  fig.  6,248,  6  amperes  X2  turns  =10 
ampere  turns;  in  fig.  6,249,  2  amperes  X5  turns  =10  ampere  turns. 


Fig.  6,250.— Mutual  action  of  solenoids.  When  two  solenoids  traversed  by  a  current  are 
allowed  to  act  on  each  other,  one  of  them  being  held  in  the  hand  and  the  other  being  mov- 
able about  a  vertical  axis,  as  shown  in  the  figure,  attraction  and  repulsion  will  take  place 
just  as  in  the  case  of  two  magnets  (see  figs.  6,224  and  6,225) . 

magnet  which  has  reached  the  highest  practical   degree   of 
magnetization. 

Ampere  Turns. — When  a  coil  passes  around  a  core  several 
times,  its  magnetizing  power  is  proportional  both  to  the  strength 
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of  the  current  and  to  the  ntimber  of  turns  in  the  coil.  The 
product  of  the  current  passing  through  the  coil  multiplied  by  the 
number  of  turns  composing  the  coil  is  called  the  ampere  turns. 

By  experiment,  one  ampere  turn  produces  1.2566  units  of  magnetic 
pressure,  hence: 

magnetic  pressure  =  1.2566  X  turns  X  amperes 

The  unit  of  magnetic  pressure  is  the  gilbert  (named  after  William  Gilbert^ 
the  English  physicist)  and  is  equal  to 

1-5-1 .2566  ampere  turn  « .7958  ampere  turn 


TO 
BATTERY 


Figs.  6,251  and  6.252.— Magnetic  conditions  inside  and  outside  o£  a  solenoid.  If  magnetic 
needles  be  placed  inside  and  outside  the  solenoid  as, shown  and  a  current  be  passed  through 
the  coil,  it  will  be  found  that  the  magnetic  force  inside  the  coil  is  in  a  direction  opposite  to- 
that  outside  the  coil  as  indicated  by  the  magnetic  needles. 

Comparison  of  Electric  and  Ma^etic  Circuits. — ^The 
total  ntimber  of  magnetic  lines  of  force,  or  magnetic  flux,  pro- 
duced in  any  magnetic  circtiit  will  depend  on  the  magnetic 
pressure  {m,m.f.)  acting  on  the  circuit  and  the  total  reluctance 
of  the  circuit,  just  as  the  current  in  the  electrical  circuit  depends 
upon  the  electrical  pressure  and  the  resistance  of  the  circuit,  that 
is: 


NOTE. — WilUani  Gilbert,  bom  1540,  died  1603.  He  was  an  English  physicist,  noted 
for  his  experiments  in  magnetism,  and  for  the  pubUcatipn  in  1600  of  his  chief  work  *'De  Mag- 
netc"  which  marked  an  epoch  in  the  science  of  magnetism,  and  earned  for  its  author  the  title 
of  the  "founder  of  the  science  of  magnetism  and  electricity."  The  practical  unit  of  magnetic 
force  (the  gilbert)  was  named  after  him. 
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Electric  circuit  Magnetic  circuit 

volts  ,.      _   plbCTtS 


It  should  be  noted  that  in  the  electric  circuit,  resistance  causes  heat  to 
te  generated  and  therefore  energy  to  be  wasted,  but  in  the  magnetio 
drcuit  reiactance  does  not  involve  any  similar  waste  oj  energy. 


Pia.  e,263. 


tHaur»a  -  number  cf  lUH*  o[  force  per  u.  CO.  (■treiqthirffieiiDaDdB-nuniberofliiic* 
mdDctiiHi  periq.cm.    If  now  H,  ba  ■nduiUjr  dimiiutbad  to  lero,  it  ii  taund  that  the 


r  any  given  value  of  H ,»  coBiidenblir  sreater  when  that  value  of  H,  WM  rtaChed 
H,  rram  a  faJiber  value,  than  wben  uia  lomo  value  «m  leocbad  br  iiKnaiing 
per  vahiei  that  ia,  to  ny.  the  curve  AC,  when  TT.  la  ilm  iiiimil.  ii  iieiiiliffiiiiiil 


value  of  B  ,for . 

fay  dtcnastng  J_. 

H,  tiom  a  lower  vahiei  that  ia,  to  ny,  the  curve  AC,  wben  Tl.  ia  ilm  iiiim  il.  ii  Tenr  dWei 

from  thecurve  OA,  wben  itisinaeued.    Takefor  initancsithe  valo*  il-20.    wheninu 

ii  iiailii  i1  lijr  i iminij  It  1 tl  IiiTH.  tile  coimpODdina  Value  of  B.  ia  6,100.  but  wbm 

it  ii  nacbedbv  decruamg  H.from  M  to  SO,  the  value  of  B  ,18 13.200.  It  may  be  noted,  too. 
that  when  M,iaiedacedtoaen),  B,  Mill  hai  B  value  OC,  or  10,300,  which  ia  neaily  three 
quarters  the  value  it  bad  ■mbta  H,  wu  M.  Thii  induction  i*  the  "naidiial  masnetim" 
mentioned  already,  /n  »/(  fran  it  will  neaily  all  ditappear  on  Unnog,  but  without  tUa 
it  can  elao  be  removed  bjr  nveruaa  the  current  m  the  masaetiams  coQ,  ao  as  ' 
the  iron.  Thecurreahowathata  demagnetising  force  of  11—23  ia  reqniiedtc 
attbepcnnt  D.  Thia  force  ii  called  the  coadf  faru  ti  the  iron.  aindnieBaut 
with  wnicb  it  holda  tho  reiidual  magnetiam.    Aa  the  magneti  ' 

cnandin  reverie  direction,  the  curragoea  (lom  D,ta  E.when. 

On  gradually  returning,  H .  to  leio,  the  curve  goea  bnn  B.  to  7,  akng  a  I 

ftxa  to  AC,  OP.  being  again  the  reiidual  magnetiam.    The  nagnetiBOi 

low  paaaed  round  n  cycle  from  O.  ta  a  positive  value,  back  to  O.  to  s  negativa 

loaia  baclcto  O.  and  if  thla  cycle  be  repeated  several  tuaea,  the  B-H  cuivs  boo 

KiACDE,  whiet  ia  ivrnmetrical  about  the  center  O, 
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The  reluctance  of  a  magnetic  drcuit  is  calculated  according  to  the 
following  e< — ''—" 


permeability  X  cross  section  in  square  centimetres 

Hysteresis. — The  term  hysteresis  has  been  given  by  Ewing 
to  the  subject  of  lag  of  magnetic  effects  behind  their  causes. 

It  is  a  pectiliar  quality  of  an  iron  core,  such  as  an  armature  core  under- 
going rapid  reversals  of  magnetism,  by  whidi  there  occurs  an  espenditure  . 
of  ener^  which  is  converted  into  heat .  This  loss  of  energy  is  due  to  the 
work  required  to  change  the  position  of  the  molecules  of  the  iron  and  takes 
place  both  in  the  process  of  magnetizing  and  demagnetizing;  the  magnetism 
in  each  case  lagging  behind  the 
force:  static  hysteresis  as  dis- 
'  tinguished  froin   visctmt   hys- 

I  Residual  Ma^etlsm. — 

When  a  mass  of  iron  has 
once  been  magnetized,  it 
becomes  a  difficult  matter 
to  entirely  remove  all  traces 
when  the  magnetizing  agent 
has  been  removed,  and,  as  a 
general  rule,  a  small  amount 

Fig.  B,2H.— BHcuttm  tor  icon  and  ateel.  ,  ^.  ^, 

of  magnetism  is  permanently 
retained  by  the  iron.  This  is  known  as  residual  magnetism,  and 
it  varies  in  amount  with  the  quality  of  the  iron. 

Residual  magnetism  in  iron  is  of  great  importance  in  the  work- 
ing of  the  self-exciting  dynamo,  and  is,  indeed  the  essential 
principle  of  this  class  of  machine. 

'Without  residual  magnetism  in  the  field  magnet  core,  the  dynamo 
when  started  would  not  generate  any  current  unless  it  received  aa  initial 
ezdtation  from  an  external  source. 


IB  ouCBd*  maanMio  lore*  dnm  them  ii 
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CHAPTER  97 

Storage  Batteries 

The  action  of  the  storage  battery  is  prac- 
tically the  same  as  that  of  the  primary  battery 
and  it  is  subject  to  the  same  general  la^ira. 

The  cells  of  a  storage  battery  are  connected  in  the 
same  way  as  primary  cells,  and  when  charged  is 
capable  of  generating  a  current  of  electricity  in  a 
manner  similar  to  that  of  a  primary  battery.  It 
differs,  however,  from  the  primary  battery  in  that  it 
is    capable    of    being   recharged   after    exhaustion 


ige  battery  parts.    Pig.  6.256.  pcsitivB  plate;  E 

' ator.  fig.  6,258.  negative  plate;  fig.  6fi 

1 ,  pillar  connecting  strap;  £g.  e,2fI2,  har 
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an  electric  cuxrent  throu^  it  is  a  directum  opposite  to  that  of 
t  on  discharge.     This  dmerence  constitutes  the  priadpal  ad- 
vantage of  the  storage  battery  over  the  primary  battery. 


General. — ^A  stor- 
age battery  consists  of 
one  or  more  cells.  A 
cell  consists  essentially 
of  positive  arid  nega- 
tive plates  immersed 
in  electrolyte. 

The  electrolyte  gener- 
ally used  consists  of  a 
mixtufe  of  sulphuric  add 
and  water.  The  voltage 
of  one  cell  is  about  two 


M.— Sectional  vi«w  of  Gould  cell  Ebowing  vi 


"^m  ?rrn 


SIDE  CONNCCniR 


ecUnB  Etnpi  and  coanectara. 
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When  a  cell  is  put  on  discharge ,_  the  current  is  produced  by  the  add  in 
the  dectrolyte  going  into  and  combining  with  the  lead  of  the  porous  part 
trf  the  plates  called  "active  material."  In  the  positive  plate,  the  active 
material  is  lead  peroxide,  and  in  the  negative  plate,  it  is  metallic  lead  in. 
a  spongy  form. 

*  Formation  of  Lead  Sul- 
phate.— When  the  sulphuric 
acid  in  the  electrolyte  combines 
with  the  lead  in  the  active  ma- 
terial, a  compound,  lead  sul- 
phate, is  fonned. 

As  the  discharge  progresses,  the 
electrolyte  becomes  we^er  hy  the 
amount  of  add  that  is  used  m  the 
plates,  produdng  the  electric  current 
and  incidentally  producing  the  com- 
pound of  acid  and  lead  called  "lead 
sulphate."  This  sulphate  continues 
'"  ;-• — "—  ■'i  quantity  and  bulk. 


Vn,  0,378.— 4teta  at  cbarsc  h  indicated  by  hrdromets'  nadins  of  deniity  ol  th*  tlMtttolTtt. 


Pio.  fl.2TS. — DiBBnuD  illuitoting  methad  of  charBing  with  lunps  in  partUd  or  di 
Pia.  6,280, — DugiuD  JUuitntlog  method  of  chMiina  with  rheostut  os  direct  cun 
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thereby  filling  the  pores  of  the  plates.  As  the 
pores  of  the  plates  become  thus  filled  with  the 
sulphate,  the  free  circulatiQn  of  add  into  the 
plates  is  retarded;  and  since  the  add  cannot 
then  get  into  the  plates  fast  enough  to  maintain 
the  normal  action,  the*  battery  becomes  less 
active,  as  is  indicated  by  the  drop  in  voltage. 


Fio.  6,281. — ^Method  of  reading  ammeter  when  the  current  is  unsteady.  Owing  to  the  ineg* 
tUarity  of  the  explosion  in  a  hit-andnniss  engine,  it  is  almost  imi)oa8ible  to  maintain  a 
steady  reading  of  the  ammeter,  as  the  ammeter  hand  will  swing  forward  at  each  imptUse 
of  the  engine  and  drop  baclc  until  the  next  explosion.  In  this  case,  adjust  the  rheostat  so 
that  the  ampere  readiing  will  be  equal  to  the  designated  charging  rate.  If  the  hand  oscillate 
for  instance,  between  5  to  15,  the  current  value  iayi  (6+16)  ■■  10  amperes. 
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Pigs.  6,282  to  6,284.— Charging  through  bank  of  lamps  on  110,  220,  and  500  volt  circuit. 
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battcriei,  rhetutaCio  oontpot.  Thttrnysanfirstcomtcltdla 
\  thi  pasiHut  vHri  Qflhtcurrmt  supply,  into  the  positive  terminal 
<n  Ike  righl);  IhrDHgb  the  posilite  sml  oul  the  ntgaliTe  of  each  tta 
imi  w  the  current  supply  from  the  neiaiive  of  the  last  all.  T** 
'■he  resistance  and  the  baU^  in  order  to  shotu  battery  v<Atai$, 
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Fig.  6,287.^PreeBiiig  points  of  electrolyte.  The  freezing  point  of  a  battery  depends  upon  its 
strength.  For  instance,  a  solution  with  a  strength  or  si>ecific  gravity  o£  1 .250  will  not  freeze 
untU  cooled  to  a  temperattire  of  62**  below  zero  Fahr.  A  strength  of  1.150  will  freeze  at  5" 
above  zero,  hence  there  is  little  danger  of  freezing  excei>t  when  the  battery  is  completely 
discharged.  Moreover,  at  these  freezing  points,  the  solution  is  slushy  and  does  not  become 
hard  until  the  temperature  goes  still  lower.  //  water  be  added  to  a  battery  in  freezing 
weather  and  then  not  stirred  in  with  the  solution  by  charging  the  batteryt  it  will  remain 
on  top  of  the  solution  and  may  freeze. 

Pig.  6,288.  —  Trickle 
charge.  When  a  num- 
ber of  batteries  are  to 
be  held  in  wet  stor- 
age, the  most  satis- 
factory results  can  be 
obtained  by  charging 
continuously  ata 
very  low  rate,  which 
is  so  low  that  gassing 
is  avoided  and  yet 
gives  enough  chaige. 
to  maintain  the  bat- 
teries in  p:ood  condi- 
tion. This  charge  is 
called^  a  trickle  charge 
and  in  many  cases 
will  be  found  more 
convenient  to  arrange 
for  them  the  perodic 
charge.  It  has  the 
added  advantage  pt 
keeping  the  batteries 
in  condition  for  put 
ting  into  use  at  any 
time  on  short  notice. 
To  apply  trickle 
charge;  1,  give  bench 
charge;  2,  Connect  a 
tungsten  lamp  or 
lamps  of  appropriate 


W^6.- 


.pcut  out  (20  amp  fuses) 

p05.     connections  for 
Charginb  batteries 


resistance,  in  series  with  the  cells,  across  a  charging  system  adapted  for  continuous  charging. 
3,  Every  two  months  interrupt  the  tridde  chazge,  remove  filling  plug,  add  water  to  bottom 
of  fillhig  tubes,  replace  and  tighten  filling  plug  and  continue  trickle  charge. 
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Specific  Gravity  Drop  Durii^  Discharge. — During  a  normal 
complete  discharge,  the  amount  of  acid  used  from  the  electrolyte 
in  a  cell  will  cause  the  specific  gravity  to  drop  about  150  points 
(.150  sp.  gr.) 

Thus  if  the  gravity  of  a  fully  charged  cell  be  1.300,  it  will,  at  the  end 
of  dijcharge,  be  about  1,150.  The  battery  should  receivo  charge  before 
it  is  disch^^  below  this  point, 

ChargiiiLg. — To  charge,  direct  current  is  passed  through  the 
cells  in  a  direction  opposite  to  that  of  discluu^e. 


S.281. — Mercury  »rc  rtetafier outfit,  or  ehargjng  met,  Ths  oot  ihcnn 
n  oC  thg  ncti6«,  itlmtnting  ths  unnaonsnl  on  a  pan*!,  of  th*  n 
Bction  and  opeiBtmf  deviui. 


Object  of  Charging. — The  acid  absorbed  by  the  plates  during 
discharge  is,  during  charge,  driven  front  the  plates  by  the  charging 
current  and  restored  to  the  electrolyte.  This  is  the  whole  object 
of  charging. 

Gassing. — When  a  battery  is  fully  discharged,  it  can  absorb 
current  at  the  highest  rate.     As  the  charge  progresses,  the  plates 
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can  no  longer  absorb  current  at 
the  same  rate  and  the  excess 
current  goes  to  form  gas. 

In  a  battenr  which  is  charged  or 
nearly  charged,  the  plates  can  absorb 
current  without  excessive  gassing  only 
at  a  low  rate,  and  a  high  charge  rate 
will  be  almost  entirely  used  in  forming 
gas,  resulting  in  high  temperature  and 
wear  on  the  plates. 

Normal  and  Abnormal  Sul- 
phatlng. — ^The  sulphating  which 
takes  place  during  an  ordinary  dis- 
charge is  entirely  normal. 

If,  however,  charging  be  insufficient, 
the   stdphate    increase    and   become 


Fig.  6.295. — ^Parallel  charge,  series  discharge.  1, 
ammeter;  2,  voltmeter;  3.  voltmeter  switch;  4. 
series  parallel  switches;  5,  battery  rheostat;  6. 
battery  switch;  7,  circuit  breaker. 

}^<yrE,^S^iection  of  projfer  battery.  The 

ntunber  of  ceUs  is  determined  by  the  voltage  of 
the  system.    Thus,  according  to  Gotdd: 


Voltage  of  System 

Ntunber  of  Cells 

Voltage  of  Systen( 

Number  of  Cells 

• 

110 
116 
125 

60 

64 

.  70 

220 
230 
250 

120 
126 
138 

NOTE. — ^The  size  of  a  110  volt  battery  can  be  determined  thus,  assuming  that  the  bat- 
tery will  be  charged  at  any  time  during  the  day  convenient  to  operate  the  dynamo  and  that  the 
battery  will  be  able  to  furnish  current  for  lamps  as  follows: 


Time 

Number 

of 
Lamps 

3 
Amperes 

4 
Number 
of  hours 

Ampere  Hours 
col.  3  Xcol.  4 

5  p.m.  to  10  p.m. 
10  p.m.  to    6  a.m. 

6  a.m.  to    8  a.m. 

Twenty  16  c.p. 
Two         Sc.p, 
Six          16  c.p. 

10 
3 

5 
8 
2 

50 

4 
6 

Total     60 
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Fic.  6.2M.— Curvsa  tor  miiing  tuU  Btreagtll  acid  and  water.  Pull  Btrenpth  or  cooceDtnted 
Bulphuric  acid  u  a  heavy,  coly  liquids  Eavinf  a  fitrength  (specific  gfravity)  ot  about  1.SS5. 
If  yut  into  tlie  batUry ,  it  would  quickly  ruin  it,  and  must  thentore  firsi  be  diluted  with  pun 

be  add^.    /fi  m^inf,  take  tha  following  precautions:  l.tlBeaglasap  emna.  earthenwan, 
rubbsr  or  lead  visseli  never  metamc  other  than  lead.     2,  Carefully  pour  tkl  C'--"  --'-    "- 


IT  thoroughly  with  a  wooden  paddle  s 
.     The  electrqlyl    ■'■  '      


i  temperatuni  this  aSects  the  hydrometer  reading.    Correction  for  hifdrommter 
Aid  one  point  to  hydromtttr  Ttaaingfiir  tttry  Z'eahr.  iiKrtase  in  Icmf  endure  obaie 


I        U 110  VOLT  DlRtCT  CURRENT  CIRCUIT 


i;i  P 


-an, 


°°aUp°aj-n"°! 

25  WATT    flO  VOLT    LAMP 

^ooljlobpl  rto'o.ol  liobol  rfSbol 


yoH  bus. 


3.3  amperea  capacity  each  may  be  used.    This  equipmer 

lamps.  Instead  of  either  a  lamp  resistance  or  unit  resistance  panel,  a  special  fc 
may  be  used.  However  Umpa  aie  adviaablo  where  the  light  far  same  may  SCI 
nation!  otherwise  the  energy  spent  in  heating  the  resistance  is  a  total  loas. 
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hard  and  the  plates  become  lighter  in  color,  lose  their  porosity  and  are  not 
easily  charged;  this  is  the  abnormal  condition  usually  referred  to  as  "sul- 
phated."  This  condition  is  usually  the  result  of  "starvation"  of  the  battery. 

Overdischarge. — It  is  not  discharge  at  any  rate  which  injures 
a  battery,  but  overdischargej  or,  what  in  time  amounts  to  the 
same  thing,  undercharge  or  "starvation." 


Pig.  6,208.— Parallel  charge,  series  dischanre  including  dynamo  and  distribution  dfcuits. 
1,  ammeter^  2,  voltmeter;  3,  ammeter  switch;  4,  voltmeter  switch;  5,  series  parallel  switches; 
6,  battery  circuit  breaker;  7,  battery  rheostat;  8,  overload  and  reverse  current  circuit  brealc- 
er  (discnminatinff  cut  out);  0,  dynamo  field  rheostat;  10,  battery  switch;  11,  dynamo 
switch;  12,  switches  to  distribution  circuits. 
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Pto.  flJ99. — Higli  Toltoce  chaiBC.    End  cell  nsulition. 

3.  battery  unmctei;  4.  voltmeter  awitch;  fi.  dyouno  iwilcbi  C,  dyTuma  ci 
over  load  uid  Tevene;  T,  dyoAmo  field  rheutal;  8,  battery  circuit  brrnkcr;  0,  battery  Iwitch; 
10,  dkcluuvD  end  cell  switcli;  11,  charsiiiff  end  cell  iwitc^;  12,  ■witchea  to  difltributing  cir- 
cniU.  Tlia  battery  ii  charged  in  oon  leries  directly  from  the  dynamo,  which  hat  a  preHure 
Tanse  to  1A5  volts,  and  the  charging  current  la  controlled  by  the  dynamo  field  rheootat. 
Two  end  cell  switched  are  Te<]uired  so  that  the  tighUng  circutte  may  be  supplied  while  tha 
battery  i»  charging,  the  power  voltage  for  the  Unipa  being  obtainol  by  adjusting  the  posi- 
tion of  the  end  cell  switch  connected  to  the  lighting  circuit.  This  is  an  oveiioad  breaker  in 
the  battery  ciicuitl  and  an  overlcod  breaker  with  revene  current  trip  in  the  dynamo  cir- 
cuit, the  latter  protecting  the  dynamos  againit  overload  and  revenal  of  cuiient. 
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Starvation. — In  auto- 
mobile batteries,  if  a  car 
be  so  run  that  the  battery- 
gets  insufficient  charge 
and  be  "starved,"  it  can- 
not be  expected  to  do  its 
work  properly. 

Overcharge.  —  Persis- 
tent overcharging  not  only 
tends  to  wash  out  the 
positive  active  material, 
but  also  acts  on  the 
positive  grids ,  giving  them 
a  scaly  appearance. 

Temperature.  —  Low 

temperature  temporarily 
both  lessens  the  ampere 
hour  capacity  which  can 
be  taken  out  of  the  battery 
and  lowers  the  discharge 
voltage. 


Fio.  8,300.— Shunt  boost. 


NOTE.— -CharsdiB  ralsa.  In  Beltcting  the  stzs  ot  battery  to  give  a  ctrtaii 
ttt  CATC  Ehould  be  taken  that  the  dynuno  ia  larce  enough  lo  charge  the  battel 
t  lower  than  the  normal  eight  hour  rate.    In  tha  case  when  two  halves  of  a  battery : 

parallel  each  half  Ukinp  the  normal  rate,  the  dynamo  must  have  a  euTrent  caps 
at  at  which  each  half  i^  to  be  charged.  Moreover  the  dynamo  should  have  ■ 
arge  the  battery  occasionally  at  a  higher  rate,  aa  this  not  only  improves  th< 

the  cella,  but  permits  a  shorter  cbarging  period. 
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Keep  battery  unusually  xveU  charged  in  winter  and  not  expose  it  unneceS' 
sarily  to  low  temperatures.  There  is  no  danger  of  the  electrolyte  freezing 
in  a  fully  charged  cell;  but  in  one  which  is  oyer  discharged  or  has  had 
water  added  without  subsequent  charging  this  is  liable  to  occur. 

High  temperature  is  to  be  avoided  from  the  standpoint  of  life.  110  de- 
grees Fahr.  is  usually  given  as  the  limiting  temperature,  and  even  this 
would  be  harmful  if  mamtained  steadily.  Heating  is  ordinarily  the  result 
of  diarging  at  too  high  a  current  rate. 

The  effects  of  continued  high  temperature  are  to  distort  and  buckle 
the  plates,  to  char  and  weaken  the  wood  separators,  to  soften  and  some- 
times injuriously  distort  the  jars  and  covers. 

Points  on  Storage  Battery  Care. — ^The  following  should  be 
specially  noted: 

1.  Add  nothing  but  pure  distilled  water  to  the  cells  and  do  it  often 
enough  to  keep  the  plates  covered. 

2.  Take  frequent  hydrometer  readings. 

3.  Give  the  battery  a  special  charge  whenever  the  gravity  readings 
show  it  to  be  necessary. 

4.  Charge  at  the  proper  rate. 

6.  Keep  the  filling  plugs  and  connections  tight  and  the  battery  clean. 

6.  To  prevent  corrosion  of  terminals  and  connections,  wipe  with  a  rag 
moistened  with  household  ammonia  solution. 

7.  Keep  battery  well  charged  in  cold  weather. 


BATTERY  REPAIRS 
1.  Double  Cover  Batteries 

The  type  battery  here  considered  to  illustrate  battery  repair 
methods  is  a  Gould  6  volt  81  ampere  hotir  size  of  the  double  cover 
sealed  type.  Before  starting  to  dismantle  a  battery  a  sketch 
shotdd  be  made  showing  the  inter-cell  connections  and  position 
of  terminals  for  guidance  in  reassembling. 

NOTE. — ^The  author  is  indebted  to  the  Gould  Storage  Battery  Co.  for  the  accompaaylBC 
instructive  series  of  cuts  illustrating  Storagm  Battery  R0pair9, 
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Battery  Repairs 


[■  bsCtery  w  received 


tops  Ot  teraunals  and  conneclora  over  the  terminal  prats  and  d 
inch,  uiing  B  H  inch  drill  for  %  inch  pons  and  a  H  inch  drill  for 
deepei  Cbui  neceiuiy  lo  u  to  mioimiie  tha  labor  of  builiUoK  ui 


Fro.  fl,303.— Bai(ew  repair*  J.  In  remov 
of  Gteel  along  the  edge  of  the  case.  Plai 
nector  and  pty  it  i^.    The  object  of  the  fil 


of  the  baturv;    Care  should  be  cHrdwd  to  keep  foicign  subs 

loplal 
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PiO.  e.SOfi. — Battmrg  repair*  B.  Unadaw  aad  mnova  thg  vent  plugi.  In  all 
that  tba  Teat  pluBS  arc  lemDrcd  before  uaotf  m  fliuno  uvund  the  battery, 
g^lBfleneraCedmabattery  itBpre»cc«T-iAyr«iu]t  iaaaexplDiion.  ThiiBAflf 
expelled  by  blowina  into  the  celli  with  r  belknn.  Ai  the  vent  plugi  He  raiulB  ot 
which  ii  easily  bn^eiL,  do  not  Httempt  to  lemove  them  with  a  pair  of  plien. 


«  not,  bam  or  MMch  (he  coven.    It  ia  bint  to  play  the  flame  bock  and  forth  ai 


Pic.  6.30T. — Batltrw  rqwJM  7.  Vbus  a  heated  acnw  driver,  Cbiul  or  a  pltunbet^  bad 
■cnver  dig  out  the  compound  around  the  edgei  of  the  eovors. 

?ia.  6.308. — iatterif  repair*  S.  Agiin  uiing  a  flame,  heat  the  top  ot  the  coven  to  loften 
the  underlyins  compound.  Insert  a  screw  driver  tmder  the  covers  uid  pry  them  off  gently. 
Do  not  attempt  to  taiai  them  o9  but  use  man  heat  -until  the;  lift  easily. 


Vwt.  ^Xn.—Bmitera  repair*  t.  Aftsr  the  top  covel 
have  bom  nmoved,  heat  the  -underlyina  compound  wit 
the  illuminating  gu  flams  or  blow  torch.  Do  not  alio 
tha  flame  to  play  ID  one  place  lone:  as  this  would  cause  tl 
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Fio.  6^10. — Satterv  repalra  It.    Apply  the  raa  flame  to  the  inade  of  the  Ux  for  an  iuatant. 
then  lun  B.  hot  putty  knife  atounil  the  edgesTirtirMn  jar  and  cover.    Now  place  the  beWery 

of  pliers  ana  lift  the  element  and  inside  cover  out  together,  . 

3,  tiity  should  b«  placed  in  bcdios  satei 


Pio.  6,312.— Botterv  repairt  11.    If  sepaTBton  be  in  gcx)d  tondition,  and  i , 

only  is  to  be  tnade,  oet  the  element,  with  bottom  cover,  in  electrolyte  or  water  till  ready 
to  replace.  If  separation  is  to  be  renewed  and  plates  examined,  separate  the  positive  and 
negative  sroups.     Giasp  the  elemenu  firmly  and  work  the  groups  gently  back  and  forth. 

Fig.  6.313.— Batter V  repotn  U.  Remove  sepiLratois.  Take  a  putty  knife  and  run  it  be- 
tween the  plate  and  the  separator.  It  is  always  best  to  renew  the  separators.  When  a  new 
battery  is  received  for  replacement  of  a  leaky  jar  the  separators  will  Benerally  be  fouiid 
in  good  condition  so  as  not  to  require  renewal.  Separator)  should  never  be  allowed  to  dry 
but  should  be  kept  immersed  in  water. 


jve  the  plates  the  lops  of  the  plates  will 
— *-■ ' -.ulphate.     If  the 


battery  has  been  allowed  to  remain  ia  a  discharged  i 

phated  plates.  This  sulphation  is  susceptible  to  removt 
by  charging  at  a  low  tate  for  a  long  period.  This  rat 
should  be  about  one-half  the  norm^  charifiotf  rate  con 
tintied  until  the  specific  gravity  and  voltage  reachct 
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Pic.  e.3ie.—Ballmni 


Iff  *Tn»nin*it  ttifl  Bi^ni(*i  pouT  tlw  elcctrolytfl  if 
uptcdto  tbe  piupoHuuto  dudow  thg  wdii... 
times  unpuiitKa  set  into  the  eUctrolyte.  uid  u  « 
Le  to  uu  old  ulutKHi. 


IS  settled  it  the  bottom  of  the 


Fio.  e,3l8,— ■at(«rv  r 
Allow  the  sedimeat  tc 


f  cUar  electrolytfi. 
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ittera  repaln  tl.  To  remiiYe  a  jar  fill  it  witb  boiKog  water  and 
u>st  Rve  minuUd.  Thia  will  looKn  the  sealing  compound  eumuv 
•Iterg  repairm  It.  Grasp  the  edges  of  the  jar  to  be  removed  wi 
jatrated  and  pull  it  Btraif^t  up.    Can  ihould  be  eiecdled  so  as  nc 


properly. 
Pig.  e,324.— Saderw  repaln  U.    The  jar  aboi 

Thit  mar  be  accompluhed  by  pouriag  boiliiw  water  in 
able  play  *  It)^  nains  Brousd  the  outiide  otthe  jai. 
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e,32S.— ^Bttary  r*p>ln  K,    'When  the  jar  tiM  been  heated  it  Bhould  he  puahsd  lata 


Fn.  e,8>T.— Battery  r«|>aft«  If.   To  i 


Pig.  6328. — Balttrg  rtpatn  Z8.    Inteimeih  the  poutive  and  negative  aroup.    As 
tivv  grotij^coatBiaa  one  mon  plate  than  does  the  poiitive.  both  outaide  platca  will  be 
Pta.  e.32S.— 
poinJi.  Thi* 


Pig.  8,330. — 

palntt.  Ljiy 

the  element  on 
ittsideandput 


■ton  .  .         .    If  wDod  aeparatora  onl«  ba  uwd,  the  BraoTed  lida 

the  aepuator  ahould  be  next  to  the  positive  plate.    If  wood  separators  and  rubber  ahee 
I ^_  ^^^y  should  be  insetted  together,  the  rubber  Bbeet  between  the  p<^itlve  plate  st 


.    See  that  the  separators  are  asaine 

1.  J  .,.-  .1 1    C«iefullyeh(-'-  ■ 

able  tnnbta 
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^  and  pourins  sealmg  c< 
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Pic.  e. 337.— Bneterv  ripairi  37.    Alnays  pour 

reach  toaheightlevel  with tbs  top  ofthecBse. 
Also  Bee  that  it  flows  evenly  over  the  whole 


18.— <a(fen>  mpafrs  i».    Before  v 


nsed  for  property  holding  the  joveie  down 

ateru  rtpatrt  4C.    Place  the  wooden  form  over  the  eoven  and  place  a  heavy 
>  of  the  form.    The  battery  shotild  stand  tor  tea  or  fifteen  minutes  until  the 


compound.    This  ca 
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Pig.  8.343.— Ba/fery  rmp«h»  41.    TTdng  wjordinarr  pocket  knife,  eksn  thainBde  ot  « 


Pio.  6.3*4. — Batltrg  npalrm  44.    Bafom  applyiaf  the  terminal  ct.- 

a  voltmeter  to  see  if  they  he  set  up  properly.      K  a  voltmMer  be  nt,.  ...^ , ,  „ 

bei  Inisbings  on  each  post.  The  red  bushine  ii  poaitive  and  the  black  a  a 
Gonnectois  should  bs  applied  lo  that  the  poutive  ot  one  cell  ia  connected  t( 
td  the  next  cell. 


Pig.  6.345. — Batttrg  rapairm  45.  In  burning  conneotors  and  terminali  to  the  posts,  melt 
the  top  of  the  post,  then  the  edgca  of  the  hole  in  the  connector.  Melt  utrini  of  nntimonioua 
lead  and  allo«  the  molten  mElal  to  run  into  the  hols  in  t 

plying  additional  fead.  If  this  be  not  done,  the  connection  wilUurelypuilkl 
also  be  taken  not  to  melt  the  outer  td^a  of  the  connector.    Practice  will  be 

Fig.  6,316. — Battera  rtpaitt  41.  After  burning,  the  connecton  and  terminals,  mark  the 
poaitive  terminal, with  a  atamp  "POS''  and  the  negative  "NEC."      If  e  stamp  be  not  svatt- 

Repairing  Batteries  With  Single  Covers 

A  great  many  batteries  are  now  constructed  with  single 
moulded  covers  with  a  depression  around  the  edge  into  which  the 
sealing  compound  is  poured. 

In  order  to  remove  the  elements  from  such  cells  it  is  only 
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GLOSSARY 

Add:  Term  frequently  used  td  describe  the  liquid  in  cells,  in  place  of  the  more  correct  one 
— EUdrdyU. 

Active  Material:    The  "formed"  paste  which  fills  the  grid. 

Ampere:    The  unit  of  measure  of  quantity  of  electric  current 

Ampere-Hours:    Product  of  amperes  and  hours. 

BaUery:    Any  number  of  cells  when  connected  and  used  together. 

Bridge  (or  rib):  Wedge-shaped  vertical  projection  from  bottom  of  rubber  jar  on  which  plates 
rest  and  by  wluch  they  are  supported. 

Burning: "  A  term  used  to  describe  the  operation  of  joining  two  pfeces  of  lead  by  melting 
them  at  practically  the  same  instant  so  they  may  run  together  as  one  continuous 
piece.  Usually  done  with  mixtiu'e  of  oxygen  and  hydrogen  gases,  hydrogen  and 
compressed  air,  or  oxygen  and  illuminating  gas. 

Cadmium:  A  metal  used  in  about  the  shape  of  a  pencil  for  obtaining  voltage  of  positive  or 
negative  plates.  It  is>  dipped  in  the  electrolyte  but  not  allowed  to  come  m  contact 
with  plates. 

Capacity:  The  rating  of  cell  or  battery  in  ampere-hours,  qualified  by  iha  rate  or  time  of 
discharge. 

Case:    The  box  which  holds  the  cells  of  a  battery 

Cell:    Unit  of  storage  battery  practice;  consists  of  element,  electrolyte  and  jar. 

Charge:  Passing  direct  current -through  a  battery,  in  order  to  replace  energy- used  ou 
discharge. 

Charging  ^ate:  The  proper  rate  of  current,  expressed  m  amperes,  to  use  m  char^g  a 
battery. 

Connedor:  Solid  or  flexible  part  for  connecting  positive  pole  of  one  cell  to  n^ative  pole  of 
another,  etc.,  or  to  terminal. 

Cover:    Cover  for  cell  to  retain  electrolyte  and  exclude  foreign  material. 

Cyde:    One  charge  and  discharge. 

Deneity:    Specific  gravity. 

Devdoping:  ^  The  first  cycle  or  cycles  of  a  new  or  rebuilt  battery  to  bring  about  proper  electro- 
chemical conditions  to  give  rated  capacity 

Diffusion:    Pertaining  to  movement  of  acid  within  the  pores  of  plates.    (See  Equalization.) 

Discharge.    The  ffow  of  current  from  9,  battery  through  a  circuit,  opposite  of  "charge.'* 

Dry:    Term  frequently  applied  to  cell  containing  insufiicient  electrolyte. 

Eledrolyte:   The  conducting  fluid  of  electro-chemical  devices;  for  lead-acid  storage  batteries 

consists  of  about  two  parts  of  water  to  one  of  chemically  pure  sulphuric  acid,  by  weight. 
Elem,eni:    Positive  group,  negative  group  and  separators. 
Bq^9lization:    The  result  of  circulation  and  diffusion  within  the  cell  which  accompanies 

charge  and  discharge.    Difference  in  capacity  at  various  rates  is  caused  by  Uie  time 

required  for  this  feature. 

Equalizing:    Term  used  to  describe  the  making  uniform  of  varying  specific  gravities  in  dif* 

ferent  cells  <rf  the  same  battery,  by  adding  or  removing  water  or  electrolyte.. 
Evaporation:    Loss  of  water  from  electrolyte  from  heat  or  charging. 

Forming:  Electro-chemical  process  of  makmg  pasted  grid  or  other  plate  types  mto  stonwe 
batteiy  plates.    {0(icn  contused  m\h  Developing.)  ^^ 

Foreign  Material:    Objectionable  substances. 

Freshening  Charge:  A  charge  given  to  a  battery  which  has  been  standing  idle  to  keen 
it  fully  charged.  *^ 

Gassing:    The  giving  off  of  oxygen  gas  at  positive  plates  and  hydrogen  at  negatives,  which 
begins  when  charge  is  something  more  than  half-corapleted-^epending  on  the  rate. 
Gravity:    Common  term  for  specific  gravity. 

Grid:    Cast  or  stamped  frame-work  in  which  active  material  is  retained. 
Croup:    Any  number  of  positive  or  negative  plates  properly  joined  together 
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Hold-down:    Device  for  IceefMBf  ■  mptnion  from  floating  or  working  op. 

Jar:    Container  for  element  and  electrolyte.    Usually  of  hard  rubber. 

Lug.    Vertical  projectioa  fromgrid  for  connecting  with  and  burning  to  «tfai». 

Mud:    (See  Sediment.) 

Oter-Chttrge:  Continuance  of  charge  beyond  that  apparently  or  suppoeedly  neeeitaiy  t» 
improve  condition  of  cells. 

Over-Dteeharge:  The  carrying  of  discharge  beyond  proper  cell  voltage;  shortens  life  if  car* 
ried  far  enough  and  done  frequently 

Patle:    The  mixture  of  lead  oxide  or  spongy  lead  and  other  substances  which  is  put  into  grids 

Plite,  The  combination  of  grid  and  paste  properly  "formed.**  Positives  are  reddish  brown 
and  negatives  slate  gray 

Polarity:  An  electrical  condition.  .The  positive  terminal  (or  pol^)  of  a  cell  or  battery 
or  ebctrical  circuit  is  said  to  have  positive  polarity;  the  negative,  negative 
polarity 

PoHi    The  vertical  cylindrical  part  <^  strap  which  receives  connecUtf* 

Potential  Difference:    Abbreviated  P.D.    Found  on  test  curves.    Synonymous  With  voltage 

Rate:   Number  of  amperes  for  charge  or  discharge    Also  used  to  express  fims  for  either 

Rib:    (See  Bridge.) 

Ribbed:    (See  Separator,) 

Reeereci:  That  which  occurs  to  voltage  readings  when  ceUs  are  dudiarged  below  a  certam 
critical  point  or  charged  in  the  wrong  dinction. 

Bealing:   Making  tight  joints  between  jar  and  cover:  usually  with  a  blacl^  thick,  acid^praoff 

compound. 
Sediment:    Loosened  or  worn  out  jMtftides  of  active  material  fallen  to  the  ^tom  of  ceUs; 

frequently  called  "mud." 

Sediment  Sfa^:    That  part  of  jar  between  bottom  and  top  of  bridge. 

Separator:  An  insulator  between  plates  of  opposite  polarity;  usuallv  of  wood,  rubber"  or 
combination  of  both.  Separators  are  generally  corrugated  or  ribbed  to  insure  prop^ 
distance  between  plates  and  to  avoid'  too  great  displacement  of  electnjyte. 

Spray.    Fine  particles  of  electrdyte  carried  up  from  the  surface  by  gas  bubbles.    (See  Gw» 

ting.) 
Strap:    Thai  part  to  which  all  plites  of  one  group  are  burned. 
Sidpkate.    Common  term  for  lead  sulphate.    (PbS04.) 

Stdphated:  Term  used  to  describe  cells  in  an  under-charged  condition,  from  dther  over*^ 
dischairging  without  corresponding  long  charges  or  from  standing  idle  some  time  and 
being  self-dischaiged. 

Sulphate  Reading:  A  peculiarity  of  cell  voltage  when  plates  are  considerably  sulphate^ 
where  charging  voltage  shows  abnormally  high  figures  before  dropping  gradually  to 
normal  charging  voltage. 

Terminal:    Part  to  which  outside  wires  are  connected. 

Vent  or  Vent-Cap:  Hard  or  soft  rubber  part  inserted  in  cover  to  retu|i  atmospheric  prefix 
sure  within  the  cell,  while  preventiiig  loss  of  deCtrdyte  from  spray. 

Vdliage:    Electrical  pressure  or  potential  difference,  expressed  in  volts. 
WaR:    Jar  sides  and  ends. 

Waging:  Removal  <yf  sediment  from  cells  after  taking  out  elements;  usually  arcwppsnied 
by  rinsing  of  groups,  rephu>ement  ot  wood  separators  and  renewal  of  dectrolyto. 

Watts:    Ftoduct  of  amperes  and  vblts. 

WaU-Hourv   Vsodwi  of  amperes,  volU  and  time  in  houra 
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CHAPTER  98 

Electrolysis 

This  term  signifies  the  decomposition  of  a  chemical  compound 
in  solution,  called  the  electrolyte^  into  its  constitutent  elements^ 
called  ions^  by  the  passage  of  an  electric  current  through  it. 

There  are  two  kinds  of  ions:  1.  The  electro-positive  ions 
called  cations  and,  2.     The  electro-negative  ions  called  anions. 

The  former  appear  at  the  cathode  and  the  latter  at  the  anode.  The 
current  may  be  regarded  as  being  carried  through  the  electrolyte  by  the 
ions;  since  an  ion  is  capable  of  canying  a  fixed  charge  only  of  +  or  —  elec- 
tricity, any  increase  in  the  current  strength  necessitates  an  increase  in  the 
number  of  ions. 

Alkali  and  Bleach. — ^When  an  electric  airrent  is  passed 
through  a  solution  of  sodium  chloride  in  water,  using  electrodes 
which  are  not  attacked  by  the  chloride  or  by  free  clorine,  the 
chloride  is  split  up  into  its  constituent  parts  y  the  metal  sodium,  is 
separated  at  the  cathode,  while  the  gas  chlorine  forms  in  minute 
bubbles  at  the  surface  of  the  anode  and  rises  to  the  surface  of  the 
liquid  in  the  cell. 

The  metal  sodium,  however,  has  a  great  affinity  for  the  hydroxyl  con- 
stituent of  water,  and  it  at  once  enters  into  union  with  this,  and  produces 
sodium  hydrate  and  hydrogen  gas  at  the  surface  of  tho  cathode.  These 
changes  are  the  basis  of  all  the  patented  processes  and  cells  for  the  produc- 
tion of  alkalies  and  chlorine  products  by  electrolysis. 

Aluminum. — The  process  of  aluminum  manufacture  con- 
sists in  the  electrolysis  of  a  fused  mixture  of  the  fluorides  of  sodium, 
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calcium  and  aluminum  ^  in  which  alumina  (aluminum  oxide)  ts 
dissolved. 

When  an  electric  current  is  passed  through  such  a  mixture  of  fused  salt, 
using  carbon  electrodes,  aluminum  separates  as  drops  of  molten  metal  at 
the  cathode,  while  oxygen  is  liberated  at  the  anode  and  at  once  unites  with 
it  to  form  carbonic  acid  gas.  The  bath  is  kept  in  the  fused  state  by  the 
heating  action  of  the  current.  The  action  taking  place  in  the  electrolytic 
bath  is  therefore,  virtually,  a  reduction  of  the  altmiina  or  aluminum  oxide 
by  the  carbon  of  the  anode;  but  this  reduction  would  be  impossible  without 
the  aid  of  the  current  to  first  separate  the  oxygen  and  aluminum,  which 
have  great  aifinity  one  for  the  other. 


SB- 


PiG.  6,350. — ^Arrangement  of  Gibb's  process.  The  process  consista  in  the  electrolysis  of 
potassium  chloride  solutions,  using  a  copper  or  iron  cathode  and  a  platinum  anode.  S  is 
the  supply  tank;  V,  the  electrolytic  cell;  R,  the  refrigerators;  and  P,  the  pump  by  means 
of  which  the  exhausted  electrolyte  is  returned  to  the  supply  tank,  while  the  chlorate  pre- 
cipitates out  as  crystals. 


The  aluminimi  separated  at  the  cathode  is  in  the  molten  state  and  falls 
to  the  bottom  of  the  bath,  and  it  is  allowed  to  collect  there,  being  removed 
at  stated  intervals,  either  by  a  syphon  or  by  tilting.  Fresh  alumina  is  fed 
into  the  bath  at  short  intervals  to  replace  that  which  has  been  decomposed 
by  the  current;  and  the  process  is,  therefore,  a  continuous  one. 

Bullion  Refining. — The  general  principle  of  electrolytic 
bullion  refining  is  to  use  the  alloy  of  previous  metals,  or  bullion , 
as  an  anode  in  an  electrolyte  which  dissolves  only  one  of  the  two 
metals  to  be  separated^  and  to  use  a  sheet  of  the  pure  metal  that  is 
being  deposited,  as  cathode. 
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For  silver  deposition  an  add  solution  of  nitrate  is  employed  as  t!ie  elec- 
trolyte (the  Moebius  process) ,  while  for  gold  an  add  Rolution  c^  gold  chlcnide 
is  found  to  yield  the  best  results  {the  Wohlwill  process] . 

Chlorates. — Chlorate    of    potash   or    of    soda    is    produced 
electrolytically  by  the  electrolysis  of  the  corresponding  chloride. 

The  electrolytic  and  chemical  changes  which  first  occur  when  a  solu- 
tion of  sodium  or  potassium  chloride  is  electrolyzed  by  the  aid  of  electrodes 
not  acted  on  by  the  products  of  the  electrolytic  decomposition,  have  beat 
already  described  under  Aikali  andBkaeh  (page  3,442*82). 


Pigs.  S,355and  fl.SSfl. — Gibb'acell  and  batter;'  of  three  ceUs.  Tt»  cells  mmlitiofa  WDoden 
frame  A,  covered  with  some  metal  B,  such  as  lead,  not  Bttacked  by  the  eleclmlyte.  The 
cathode  consists  of  a  ^rd  of  vertical  copper  wire  C,  kept  in  position  by  cross  bats  D,  ol 

sulated  by  the  atrips.  F.  and  bars  D.  The  opposite  side  of  the  cell  from  that  occupied 
by  the  cathode  is  partially  closed  by  the  anode  indicated  by  dotted  lines.  This  consisti 
of  a  thick  lead  plate  L,  covered  with  platinum  foil  on  the  outer  side  E.  |fig.  a. 356),  and 
is  held  in  position  by  the  cathode  and  framework  of  the  following  cell.    G.isapipe.reachina 


vs  the  end 


ftameworH  by  meansoTwhfeh  a  ^number  of  Mils'  i 

<rfcdl.    In  fig.  6,356.  the  heavy  pbtea  X  and  V,  ai    _ _ 

fnuacwork  and  form  a  fully  closed  series  of  cell  vith  oidy  the  oi>eaings  at  the  vaivnu  n^iply 
aad  overflow  points.    Cuireiit  connectioas  aiu  made  at  the  point*  M  and  N. 

Hypochlorite. — If  the  cell  designed  for  chlorate  production 
be  worked  with  a  low  current  density ,  and  at  a  temperature  which 
does  not  rise  above  68*  Fahr. ,  little  chlorate  will  be  produced, 
and  sodium  hypochlorite  will  be  formed  in  its  place. 
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Ozone* — This  can  be  produced  by  chemical  methods,  but  it  is  also  pro- 
duced by  the  sparkless  discharge  of  electricity  through  dry  air  or  oxygen  from 
conductors  charged  at  a  high  pressure  and  it  is  always  formed  when  a  frictumal 
electric  machine  of  the  old  plate  type  is  worked  with  an  air  discharge. 

Oxygen  and  Hydrogen. — Dilute  sulphuric  acid  is  employed 
in  one  form  of  apparatus  as  electrolyte,  namely,  that  patented  by 
Schoop,  the  more  customary  electrolyte  being  a  solution  of 
caustic  soda. 


-^ 


.B 


Fig.  6,357. — Electrolysis  of  copper.  Fill  the  U  shaped  glass  tube  shown  above,  with  a  solu- 
tion B »  made  by  dissolving  some  crystals  of  copper  sulphate  or  bluestone.  Immerse  in  the 
solution  two  platinum  electrodes  C  and  D,  attached  to  the  copper  wires  E  and  F,  sealed 
in  the  glass  tubes  G  and  H,  which  are  held  in  the  tube  openings  by  loosely  fitting  rut  ber 
corks  Iv  and  L.  Attach  the  positive  pole  of  the  battery  N ,  to  the  terminal  of  the  elec- 
trode C,  and  the  negative  pole  of  the  battery  to  the  upper  terminal  of  the  electrode  D. 
The  electric  current  from  the  battery  will  then  pass  from  the  platinum  anode  C,  through 
the  copper  sulphate  electrolyte  B.  to  the  platinum  cathode  D,  thence  to  the  negative  ter- 
minal of  the  battery.  The  passage  of  the  current  through  the  electrolyte  will  result  in  the 
liberation  of  the  constituent  ions  of  the  latter,  oxygen  gas  being  liberated  at  the  anode  C, 
metallic  copper  deposited  on  the  cathode  D.  and  the  copper  sulphate  solution  B,  chansed 
to  sulphuric  acid. 


The  primary  products  of  electrolysis  in  this  case  are  hydroxyl  (OH) 
and  the  metal  sodium  (Na)  but  these  immediately  enter  into  secondary 
chemical  changes  which  produce  oxygen  gas  at  the  anode  and  hydrogen 
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gas  at  the  cathode^  The  gases  obtained  in  this  way  are  not  quite  free 
from  impiirity,  but  for  industrial  requirements  they  are  sufficiently  pure, 
and  this  method  of  manufacture  is  much  cheaper  and  more  cleanly  than  the 
usual  chemical  methods  of  production. 


Sodium  and  Potassium. — It  is  necessary  to  work  with  a 
fused  electrolyte  in  place  of  an  aqueous  solution  in  this  case. 

Owing  to  the  readiness  of  sodium  and  potassium  to  enter  into  combination 
with  water,  the  difficulties  pf  operating  the  process  upon  a  commercial  scale 
are  chiefly  due  to  this  great  chemical  activity  of  the  alkali  metals. 


8 


'> 


'A 


'^/ 


Pig.  OfSSS.— Castner  cell.  The  part9  are:  A,  cathode  chamber;  BB,  anode  chambers;  C, 
eccentric  for  producmg  a  rocking  movement  of  cell;  D ,  pivot  8upix>rt  for  framework  of  cell; 
E  t  slate  walls  of  cell.  The  Castner  cell  is  of  the  mercury  t^rpe  in  which  advantage  is  taken 
of  the  property  i>ossessed  b^  mercury  of  forming  an  alloy  with  sodium ,  fluid  at  the  ordinary 
temperature,  this  alloy  being  known  chemically  as  an  amalgam.  When  the  amalgam  is 
heated  with  water  it  is  decomposed,  and  a  solution  of  sodium  hydrate  is  formed,  while  the 
mercury  is  restored  to  its  origmal  condition  of  purity .  Hence ,  if  a  layer  of  merctiry  be  em- 
ployed as  cathode  on  the  floor  of  acell  in  which  a  solution  of  sodium  chloride  is  being  de- 
composed by  the  current,  the  sodium  liberated  at  the  surface  of  the  mercury  will  at  once 
enter  into  union  with  it,  and  will  be  kept  safe  from  further  chemical  or  electrolytic  changes . 
The  layer  of  mercury,  in  fact,  acts  as  a  reservoir  for  the  sodium  atoms,  or  ions,  brought  to 
its  surface,  and  stores  up  these  until  they  aro  wanted. 


Wet  Extraction  Process  for  Metals. — Copper,  nickel,  tin 
and  zinc  have  all  been  extracted  from  their  ores  or  slags  by  the 
use  of  electroljrtic  processes,  and  in  many  cases  these  processes 
are  still  being  worked  upon  an  industrial  scale. 

C^pper^ — ^The  principle  of  the  wet  copper  extraction  processes  is  as 
follows:  The  ore  is  roasted  to  drive  off  the  siilphtir,  and  then  leached  in 
suitable  vats  with  a  solution  which  will  dissolve  the  copper  and  leave  the 
other  metals  and  impurities  undissolved.  This  solution  is  then  electrolyzed 
in  order  to  recover  the  copper  as  a  cathode  deposit. 
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NiekeL — ^The  roasted  ore  ia  leached  with  a  solution  containw  both 
copper  and  calcium  salts  as  chlorides,  and  the  copper  is  first  deposited  by 
electrolysts.  Thelasttracesof copperarothenremovedfromtheelectrolyte 
by  chemical  means,  and  the  nickd.  is  in  turn  deposited  by  use  of  a  higher 
voltage  from  the  remaining  solution. 

Ttn, — The  BOhne  process  dep«ids  upcm  the  use  o£  sulphuric  add  as  a 
leaching  igent  and  upon  electrolytic  deposition  of  the  tin,  from  the  sulphate 
scdution  so  obtained.  In  the  recovery  of  tin  from  old  tin  cans  and  tin  scrap 
by  electrolysis,  sodium  hydrate  is  used  as  the  electrolyte. 

Zinc. — A  great  amount  o£  investii^tion  and  lar^e  sums  of  money  have 
been  spent  upon  processes  for  extracting  zinc  txoai  its  ores,  by  aid  of  elec- 


Fig.  e.SEQ.^EIectiDlyni  in  lower  New  York.    The  dson  flhutrates 
discovered,    ThB  pnwi  -  "-  -- '-   ■'■'         -  "  -      ■■     " 

to  Manhattan,  thenca 


Iw  arrows,  flows  over  the  New  York  ar 
VilIuunsbuTK  bridge  via  u    ' 


■e  wUl  be  furthf 


.— „. , „-  back  to  Brooldyn,  thence  through 

nesatives,  to  power  house.    In  this  case  danuoe  may  be  expected  at 

. i-ij .,1.  o„  the  Manhattan  aide;  2.  when,  they 

.._  they  leave  same  bndgeforiiipel  in  Biook- 

[wu  bridse  Btructures  are  connected  in  MulllsttBa  U  pIIHUKd,  then 
changes  m  the  direction  of  current.    Befoie  tiw  WilliamibuiK  bndae 

ntarecroased  throuoh  the  river  bed,  leaving  maiDe  all  along  the  dcxJis 

in  the  Manhattan  side,  for  the  river,  and  leaving  the  nver  for  m-- •'- '-'-  -' 

the  docks  of  the  Brook.yn  side.    Traces  of  thp™  nirrpntj.  haw, 
as  23rd  St. ,  a  distance  of  over  two  miles  fm 
bridge  has  been  built,  nearly  all  traces  of  thi 

showing  that  the  mass  o£  metal  composing  ^..u  ^^,^^^ui^  nuu  «a  n  miuil  uj<:kuu  ui  i^^u  ui 
lower  resistance  which  cacries  practically  all  o£  the  returning  currents  flowing  from  Man- 
hattan back  to  Brooklyn. 

trolysia,  but  only  two  of  these  have  achieved  any  industrial  success.  The 
Ho^ifner  process  depends  upon  the  use  of  the  waste  calcium  chloride  solu- 
tion from  ammonia  soda  works,  and  was  worked  out  chiefly  as  a  process  for 
recovery  and  utilization  of  the  chlorine  from  this  waste  product;  zinc, 
testiM  99.96  per  cent,  purity,  and  bleach  being  the  products  finally  ob- 
tained. The  Swinbnme-Ashcroft  method  (the  other  successful  process)  is 
not  a  wet  CTtraction  process,  but  depends  upon  the  electrolytic  separation 
of  zinc  from  fused  zinc  chloride. 
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CHAPTER  99 

Electro- plating 

This  process  consists,  in  obtaining  an  electro-deposit  of  one 
metal ^  used  as  an  anode,  upon  some  metallic  article  which  is  con- 
nected to  form  the  cathode  in  an  electrolytic  bath,  that  is  the  sub- 
stance upon  which  it  is  desired  to  deposit  the  metal  is  connected 
with  the  negative  pole  of  the  source  of  current,  and  the  metal 
which  is  to  be  plated  upon  is  connected  with  the  positive  pole. 

The  chemical  nature  of  the  electrolyte  employed  depends  upon  the  kind 
of  plating.  For  plating  with  gold  or  with  silver,  the  electrolyte  is  always 
allmline,  for  platmg  with  nickel  or  with  copper,  it  is  usually  acid. 

Substances  other  than  metal  can  be  electroplated  by  first  coating  their 
surfaces  with  xx>wdered graphite  or  pliunbago,  as  in  the  case  of  electrotyping^ 

An  essential  condition  in  electroplating  is  cleanliness. 

The  merest  trace  of  grease  or  dirt  is  sufficient  to  completely  spoil  the 

C*  'anjg;  in  fact,  the  presence  of  even  the  small  amount  of  grease  caused  by 
dlmg  the  article  with  the  naked  hand  is  often  sufficient  to  prevent  an 
adherent  deposit. 

The  articles  to  be  plated  are  cleaned  by  means  of  emery  paper  or  wet 
sand,  and  by  scrubbing  with  a  scratch  brush. 

Next  they  are  treated  with  caustic  soda  and  then  thoroughly  rinsed 
in  nmning  water. 

Sometimes  they  are  dipped  in  add,  partly  for  cleansing  purposes,  and 
partly  to  slightly  roughen  or  frost  the  surfaces. 

Stripping. — Worn  articles  of  electro-plate,  which  are  to  be 
re-plated,  require  therefore  to  have  the  whole  of  the  previous 
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plating  removed  before  receiving  a  new  coat.  This  process  of 
removal,  which  is  accomplished  by  various  acids,  is  technically 
known  as  stripping. 


6,360.— Eleetio-plating  outfit  with  tieo  ulre  system  o£  diatributioi 


— Electro-plating  outfit  with  three  win  Ey&tem  of  distribution!  Tlifl  BDp&ratua 
if;  A.  multipolar  dynamo;  B.  posidve  line;  C,  neutral  line:  D.  negative  One;  E. 
P.  tank  iheostat;  G.  Held  rheostat;  H,  tank  vcU-meCeis;  I,  Sturett  volt-metei; 
lution;  K,  plating  apparatus. 
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..  6.303. — MuDtiine  "Optianu"  electroplating  dynamo  bmsli  yoke  With  brush  r. 


3,452  -  92 


ELECTRO-PLA  TING 


Current  Supply  for  Electro-plating. — Low  pressure  direct 
current  is  used  for  this  purpose,  the  pressure  used  being  from  1 
to  16  volts,  depending  upon  the  nature  of  the  electrolyte  em- 
ployed, and  the  rate  at  which  the  plating  is  accomplished. 

The  following  tables  will  be  found  useful: 


^Amperes  required  to  plate  one  square 

foot. 


Solution  and  metal. 


Nickel 

Brass 

Bronze 

Copper... .. 

Add  copper. 

Silver. 

Gold....... 

Zinc 


Average  amperes. 


4 

eto  8 
6to  8 
6to  8 

10  to  12 

2 

IH 
10 


Carrying  capacity  otcoppet 
.  voire. 


Hi'.. 

w.. 

H".. 
H".. 
H".. 


.   .0625 
.    .125 
.   .1875 
.    .250 
.   .3125 
.   .375 
.    .500 
.    .iB25 
.    .750 
.   .875 
.1.000 
.1.125 


3 

12 

27 

49 

76 

110 

196 

306 

441 

601 

785 

994 


Current  Density. — The  current  density  is  important  and 
varies  with  different  metals. 

With  a  high  current  density  the  deposit  may  be  crystalline  or  powdery, 
and  will  not  adhere  well  to  the  cathode.  What  is  required  is  to  regulate 
the  current  so  that  the  deposited  metal  may  be  smooth  and  adherent,  and 
capable  of  being  burnished  without  being  detached. 

Hard  and  fast  lines  cannot  be  laid  down,  but,  generally  speaking,  with 
high  current  densities  the  deposit  is  powdery,  and  of  a  dark  color,  when  it 
is  said  to  be  "burnt."  Much  higher  current  densities  can  be  employed 
if  the  solution  be  rapidly  circulated  by  means  of  a  pump  or  agitated  by 
blowing  in  air. 

Mechanical  Electro-plating  Apparatus. — ^The  cheapening 
in  the  cost  of  plating  has  been  so  marked  that  mechanical  plating 
apparatus  is  now  recognized  as  a  necessity  in  the  metal  manu- 
facturing industry. 
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The  Tanks,  wr  Vats.^These  vessels  are  for  holdii^  the 
plating  solutions,  and  should  be  made  of  well  seasoned  wood, 
liquid  tight,  and  lined 
with  some  suitable  ma- 
terial which  will  not  be 
acted  upon  by  the  solu- 
tion the  tank  is  intended 
to  contain. 

1      Dipping    Vessels. — 

These  are  employed  for 
holding  the  articles  and 

Fig.  6.3S4. — Heating  tanks.  Small  shops  usually  depend  upon  gas  or  oil  stoves  placed  under 
the  various  tania  OT  jais  containing  eolutions  that  must  be  Ittpt  hot,  such  as  lye.  rinsing 
water,  gold  solutions,  etc-,  as  either  offers  a  means  of  keeping  up  the  desired  temperature 
with  very  little  trouble  or  expense.  Larger  establishments,  however,  find  it  cheaper  and 
better  in  every  nay  la  use  steam  jacketed  tanks,  as  here  shown, 

dipping  them   into  the 
I  various  solutions  used  in 

■  cleaning  the  articles  pre- 

I  paratory  Ho  the  plating. 


Fics.  8.385  to  8,371.— Various  dipping  baskets. 


made  of  vitrified  or  glazed 
stonenare  or  glass. 


Scouring,    Swilling 
and  Rinsing  Troughs. 

— These  are  usually 
made  of  wood,  lined 
with  lead  and  divided  in 
the  middle  by  a  parti- 
tion, one  part  being  used 
for    scouring    and    the 
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other  for  holding  clean  water  for  rinsing  the  articles  after  they 
have  been  scoured  clean. 

Tumbliiig  or  Rattling  Barrels. — Small  objects,  such  as 
small  castings,  stampings,  etc.,  that  are  not  required  to  have 
square  edges,  are  best  cleaned  by  tumbl- 
ing, or  ratthng,  as  it  is  called  in  foundries. 

P  lOS .  6 .372  Bjid  a  ,373.— ViuToui 
dipping  veiKls,  Fig.  0.372. 
d«ep  gUz«d  earthenwan  dip- 
piDg  bo&kEt;  fig, 0,373, shaUpn 

I  a  5  lie  ™  T  hTa  iti  m  i  n'u  m 
basktt  is  odapt&i  for  use  in 


ever,  ctauay  upon  quick  and  careful  handUnR 
upon  the  shapes  of  the  dip,     therefore,  the  h< 


■endi.how- 
athw  than 
ea  in  these 


Large  quantities  of  work  are  thus  easily  and  cheaply  cleaned  without 
much  manual  labor,  which  is  the  expensive  item  in  polishing.  If  rough 
castings  are  being  worked,  the  sand,  scale,  etc.,adheriiig  to  themisaUowed 


BLECTRO-PLA  TING 


to  remaJn  ia  the  barrel,  where  it  acts  as  a  polishing  powder,  brightening 

the  parts  which  are  not  reached  by  the  metal  of  other  castings;  but  when 

tumbling  for  a  bright  finish,  the  sand,  dirt,  etc.,  are  exhausted  hy  means 

of  the  Mower,  so  that  the  surfaces  are  finely  polished  by  friction  only — 

burnished,  as  it  were,  by  rubbing  against  other  metal  of  the  same  kind, 

—  A  strong  exhaust  should  te  kept  up 

when  polishing  in  this  way  or  the 

finish  will  be  dead  instead  of  bright. 


tact  witb  the  ends  of  the  wires.    The  blush  show 


FlO.  6,38!.— Hanson  and  Van  Winkle  tumhling  barrel  with  convei  head  for  dry  tumblins. 


tie  tJ^fJ 


illing.  shakuiB.  ami  ipitidinG  ■ 


I. — Hanson  and  Van  Winlde  tumbling  baml  for  wet  Brindina  or  polisfainB. 
lioTSand  and  water  grindins,  waibing  out  core  sand,  etc..  and  is  adapted  for 
.    The  bam!  U  provided  with  a  gland  for  eonneetine 


id  is  adapted  for  brass 
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Fic.  6,3S3.— Mecfannical  electro-platiDg  H.pps»tus.    /(  eotaUlt  of  >  bSTrel  A,  u  nhich  an 

8Uced  the  articleg  to  be  plaUd.  This  barrel  is  revolved  by  belt  device  over  the  polleyi 
:  or  C,  which  provide  two  spMda.  The  barrel  ia  lemovable  at  any  time  without  inter- 
fering with  the  de^Hce.  The  anoda  D.  D,  are  curved  to  fit  the  neriphor  of  the  TBVolvinR 
barrel,  and  when  the  anodes  are  hung  at  each  side  of  the  tank,  ag  shown,  the  work  is  always 
cquidiatant  from  the  anodes,  thereby  insuring  a  reeular  deposit  of  even  depth.  In  aeltlnp 
u|r  and  operatfns  the  njechanical  electro-plating  apparatus,  eonnect  the  anode  red  to  the 
iwsitive  win  of  the  main  line,  and  the  cathode  rod  to  the  negative  wire.    Use  suitable 

beioff  lulled  or  emptied  move  tlv 

the  Ms^tive^ro'd"  Th^revolv 

obtain  the  correct  speeds,  the  countershaft  should  be  driven  at  the  late  o£  10  revolutions 

per  minute.     Tha  hlloicing  collafa  ihould  be  UHtl  with  the  various  solutions:     Acid 

.BM™.'4'io"fi"volts:nickBl'solution.  10°  Baume,  4  to  5  volts;  2inc  solutioE,  20'°  Baume, 
6  to  10  volts.  Wllh  Iht  lowtr  tpeed,  almost  any  kind  of  article  which  will  not  hang  to 
the  peripherr  of  the  barrel,  may  be  handled  with  the  lower  voltages.  Tha  hlghair  tpttd 
and  the  higher  voltages  ahould  be  used  for  round  articles,  or  those  having  no  aharp  edges 

obtained  ihen  the  artiSes  fill  about  one-half  the  barrel.  The  average  length  of  time 
required  to  obtain  a  good  deposit  of  the  different  metals  under  proper  working  conditions 
is  appTo:(imateIy  as  follows;  Acid  copper  solution.  30  to  40  minutes;  cyafiide  copper  and 
brass  solutions,  30  to  45  minutes;  nickel  solution  on  brass,  IS  to  30minates:  nkkefsdution 
on  steel,  13  to  60  minutes;  sine  solution,  lyi  to  2  hours.  In  the  case  of  all  aolDtions,  the 
ciyrtalliaatioo  of  the  saltl  during  cold  weather  tend  to  give  a  great  dealollroubki.  There- 
fore, all  solutions  should  be  kept  at  a  tempeiature  of  70  to  SO  degree*  Pahi.,  thereby  per- 
mitting the  use  of  denser  and  more  highly  conductive  solutions,  with  a  coDseqneat 
ahortcnitig  ot  the  time  d  deposition.  A  loop  of  ban  steam  pips  imiiiUMd  In  tha  solution 
vill  serve  ta  mpplr  the  necessary  heat. 
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Bright  work  can  only  be  obtained  by  long  continued  tumbltt^,  and  the 
Inight  finish  comes  rather  quickly  after  all  the  frieces  in  the  bmel  become 
Emooth,  accordingly,  it  is  necessary  not  to  add  any  pieces  once  the  barrel 
is  charged,  or  the  work  will  not  finish  evenly. 

Steel  Ball  Burnishing  Barrels.— Burnishing  with  steel 
balls  is  done  both  on  small  articles  preparatory  to  plating  and 
also  on  articles  that  have  been  plated  and  require  a  highly 
burnished  finish. 


FiC.  6,38*.— The  lacquer , — , — 

"       '  '  ■  '  oned  oft  for  ths  purpose  in  ord«r  tc  ..    . 

,.«™  ™r<.=  1.  i,  advisable  to  have  the  reaulat- 

■,  and  well  ventilated.    When 

I  uae  Incandescent  Umpa.    Do 

jviii.as  uvib  tbe  lacquer  and  thinner,  S9 

Inflammable. 

Polishing  Powders.— In  order  to  hold  fine  powders  on  the 
wheels  and  buffs,  they  must  be  mixed  with  some  medium  that 
will  perform  this  office  and  at  the  same  time  act  as  a  lubricant 

to  the  work. 


3>458.-  98  ELECTRO-PLATING 

■  Sahitisms  for  Electro-plating  with  Different  Metals. — 

These  may  contain  the  necessary  constituents  in  various  per- 
centages. The  following  solutions  are  considered  the  best  in 
general  practice. 

A  good  14  carat  goldpuitlng  tolutlon  is  composed  of  water,  1  gallon; 
potassittm  cyanide,  10  ounces;  gold  chloride,  10  pennyweiehts;  and  a.  suf 
fident  amount  of  carbonate  oTcopper  to  give  the  desired  shade.  A  14 
carat  gold  anode  should  be  employed ,  composed  of  fine  gold  and  the  latter 
bong  conqwsed  of  80  parts  of  copper,  83  parts  zinc,  and  6  parts  nickd. 


TnanipulHtJon  of  Theoatat  on  large 
Pig,  6,38G-^Dippu^  at  immergionj  a  method  of  chemically  cleaning 


the  grease  Gcole,  etc.    Succ«$sfiil  dipiniis  dL 

I  handliog  rather  than  upon  the  dipe  themHlvM,  afid 
ai  iaigs  as  possible  to  eJlow  the  nfiid  eicapa  of  acid 


The  si^e  cyanide  of  stiver  is  prepared  by  addti^  a  solution  of  cyanide 
of  potassium  to  a  section  of  nitrate  of  silver  until  a  precipitate  ceases  to 

The  double  cyanide  of  silver  and  potassium  is  prepared  by  dissaving 
an  equivalent  d  diver  cyaxdde  (134  parts)  in  a  solution  containing  an 
equivalent    of   cyanide   of  potassium    (65  parts).     The  silver  {dating 
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solution  is  made  up  with  distilled  water,  the  ptoportion  by  weight  of  silver 
per  gallon  of  water  varying  from  J^  ounce  to  5  ounces  or  more. 

The  beat  nickel  plating  solution  is  that  which  is  made  up  of  the 
double  sulphate  of  nickel  and  arninonium,  in  the  proportion  of  12  ounces 
to  one  pound  of  the  double  salt  to  each  gallon  of  solution.  The  cn^stals 
should  be  dissolved  in  boiling  water  in  a  wooden  tub,  frequently  stirred 
and  cold  water  added  to  make  up  the  desired  quantity.  After  the  solu- 
tion has  become  cool  it  should  be  filtered  through  a  large  volume,  1,000 
gallons  or  more,  held  in  large  lead  lined  tanks. 

Blectro-phtttng  with  copper  is  employed  chiefly  to  form  a  coating 
on  iron,  steel,  tin,  zinc,  lead,  Brittania  metal  and  pewter  articles  pre- 
paratory to  Bilver  platirig  the  same,  for  the  reason  that  silver  will  not 


>.  e,3ST.— FollihinB 


Fjcs.  8^97  to  6588.- 


lindles  used  with  polish  Lnf 


Polishing  and  Grinding  Machines. — These  machines,  or 

heads  consist  of  a  stand  carrying  a  small  pulley  between  two 
bearings  with  shaft  extended  at  each  end  to  take  the  various 
buffing,  polishing  and  grinding  wheels,  brushes,  etc. 
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Polishing  Wheels. — These  are  made  of  canvas,  wood,  felt, 
leather,  and  walrus  hide.  Rough  heavy  castings  are  first  ground 
upon  coarse  solid  emery  or  carborundum  wheels,  usually  run 
at  a  slow  speed,  not  exceeding  1,000  revolutions  per  minute 

Canvas  wheels  are  used  for  roughing  out.  Felt  wheels  can  be  used  for 
roughing,  grindmg,  polishing  and  finishing.  Walrine  wheels  are  used 
chiefly  in.  giving  a  fine  polish  to  silverware,  brass  goods,  etc.  They  can 
be  used  with  crocus,  emery,  rouge,  or  rotten  stone,  andj  give  a  smooth 
fine  finish  to  the  work. 


Fics.  6,3flg  and  6,399.— U.  S.  electro-pU ting  barrel.    Fig.  6,398,  view  while  plating;  (ig. 6.390, 
viev  while  cmpcyius.    It  empties  b/ lirtiog  a  lever  which  nveisea  the  motion  of  the  bsirel. 

Pickles  and  Dips. — ^While  the  best  polish  is  secured  by 
grinding  and  wheel  polishing,  many  articles  are  best  cleaned 
chemically  by  immersing  them  in  solutions  which  dissolve  the 
scale,  grease,  etc.,  adhering  to  them,  leaving  a  clean  but  rough 
surface  which  mt$st  be  polished  afterwards. 

Black  Pickle  for  Irom — Sulphuric  add  66'  Baume,  1  part;  water, 
15  parts.     Used  chiefly  for  removing  scale  from  castings  and  forgings. 

Bright  Pickle  for  Iron: — Water,  10  quarts;  concentrated  sulphuric 
acid,  28  oz.;  zinc,  2  oz.;  nitric  add,  13  ozs.  Mix  in  the  order  named. 
Hie  pickle  leaves  the  metal  bright. 
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Dip  for  Copper,  BroM,  etc.t — Sulplmric  add,  66"  Baume,  50  parts 
by  weight;  nitric  acid,  36"  Baume,  100  parts  by  weight;  common  salt, 
1  part  Dy  weight;  lamp  black,  I  part  by  weight,  Forgiags,  punchings, 
etc.,  are  pickled  in  dilute  sulphuric  arid  to  remove  scale,  and  then  cleaned 
and  brightened  by  dipping  in  the  above  solution. 

Cyanide  Dip  tor  Brass: — Potassium  cyanide  in  ten  timea  its  weight 
of  watei  is  used  as  a  preliminary  dip  when  plating  articles  that  would 
have  the  polish  injured  by  the  add  dips.  Ilie  work  must  be  allowed  to  te- 

this  than  m  the 
acid  solutions. 

Pickle  for 
GernuuiSilver : 
— German  silver 
may  be  cleaned 
in  the  bright  dip 
for  brass,  or  in 
a  preliminary 
pickle  of  dilute 
nitric  acid  and 
water  (12  to  1), 
followed  by  a 
dip  of  egual 
IKtrts  of  sulphu- 
ric and  nitric 
acids,  and  then 
by  rinsing  in 
boiling  water 
and  drying  in 
sawdust.  Use 
sawdust  that 


Fic.  6,400.— U.  S.  e ,.,_, „,  „ , 

etc.  at*thoa  of  Balcanlihig!  After  pickling  and  cleamng  the  material .  the  galvaniiina 
barrel  is  then  fiUed  by  means  of  paila.  shovels,  etc.,  with  from  ISO  to  200  Iba.  o(  materiS 

at  a  tima  and  i«  then  started  to  turn  Blowly  "in  the  galva ~ 

to  50  minutes  thematerial  is  finished.    Upon  reversine  the 
empties  the  galvaniied  material  (in  from  three  to  four 

o  dryinK  drum,  from  there  into  whatever  receptacle  is  placed  for 
,     -   .  _,.. „.._.,. _■  .,.■_,. .___  ^^,j  ji, 

the  lenath  of  time  the  inale- 

.- „ , .....  _...jing.    The  coating  deposited 

consisU  of  chemically  pure  tine,  unifDiiDly  amaoth.  With  the  apparatus,  one  laborer  can 
atteodto  two  barrelsandturaoulfroma.OOOtoS.OOOlbs. of  material  per  day;  two  men 
and  a  boy  will  be  able  to  attend  to  about  sijL  barrels.    Bangt  of  tha  barret:  The  barrel 


s-  spring,  etc.,  in  fact  all  such  material  eicepting  that  having 
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Nickel  Plating. — Nickel  does  not  adhere  very  well  to  iron 
or  steel  articles,  and  furthermore,  if  after  being  plated  upon  steel, 
the  article  becomes  scratched,  the  steel  rusts,  and  the  rust,  getting 
beneath  the  nickel  film,  causes  it  to  peel  off. 

It  is,  therefore,  very  usual  to  first  coat  the  iron  with  a  film  of  copper, 
which,  being  a  soft  metal,  is  not  readily  removed  by  scratching.  The 
nickel  is  then  deposited  upon  the  copper  coating.  Nickel  cannot  be  de- 
posited from  solutions  containing  more  than  a  trace  of  add;  most  nickel 
plating  solutions  consist  of  a  solution  of  the  double  salt  of  ammonium 
sulphate  and  nickel  sulphate,  which  is  rendered  alkaline  with  ammonia. 

In  order  to  obtain  a  thoroughly  satisfactory  and  brilliant  deposit  of 
nickel,  the  articles  which  are  to  be  plated  must  be  very  carefully  prepared, 
and  should  have  a  burnished  surface. 

Electrotyping. — In  preparing  electrotypes  a  wax  impression 

is  taken  of  the  form^  which  is  made  up  usually  of  type,  or  illus- 

irationSf  or  both. 

In  order  to  do  this  a  metal  plate  is  evenly  coated  with  a  wax  coaomosition, 
and  this  is  placed  with  the  wax  face  downward  upon  the  form.  The  form 
with  the  wax  upon  it  is  then  placed  in  a  hydraulic  press  and  subjected  to 
a  steadv  pressure  of  about  two  tons  to  the  square  inch.  To  prevent  the 
type  acmering  to  the  wax,  it  is  dusted  over  with  finely  powdered  graphite. 
After  being  taken  out,  of  the  press,  the  wax  is  carefull3r  removed  from 
the  form.  The  mould  is  next  coated  with  black  lead  to  give  it  a  metallic 
surface,  as  the  wax  is  a  non-conductor;  the  mould  is  then  subjected  to 
the  process  of  electro  deposition,  resulting  in  the  formation  of  a  film  of 
copper  on  the  prepared  surface. 

A  battery  or  dynamo  is  used  to  generate  the  current.  The  positive 
terminal  of  the  source  of  current  is  connected  to  a  rod  extending  across 
a  trough  or  tank  containing  the  plating  bath.  Suspended  from  the  rod 
are  anodes  of  copper,  from  which  a  deposit  is  desired.  The  other  terminal 
of  the  source  is  connected  with  another  rod  across  the  trough,  to  which 
are  suspended  the  articles  to  be  plated. 

The  copper  shell  is  removed  from  the  mould  by  applying  hot  water;  the  shell 
is  then  backed  up  with  electrotype  metal  to  render  it  strong  enough  for  use. 

GalvaHizing.-^A  bath  containing  zinc  sulphate,  which  must 
only  be  slightly  acid,  is  employed;  as  the  electrolysis  proceeds 
the  solution  becomes  acid  by  the  zinc  being  deposited  out,  and 
in  order  to  keep  the  strength  of  the  solution  constant,  it  is  cir- 
culated through  a  filter  bed  containing  zinc  dust. 

Zinc  anodes  are  not  generally  used  because  they  are  apt  to  disintegrate; 
the  anodes  usually  employed  are  of  lead,  but  iron  is  sometimes  used.    In- 
fact,  the  presence  of  a  trace  of  iron  in  the  bath  improves  the  deposit. 
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CHAPTER  100 


Alternating  Currents 

An  alternating  cturent  is  defined  as:  A  current  which  reverses 
its  direction  in  a  periodic  manner,  rising  from  zero  ^io  maximum 


CYCLE  OR  PERIOD. 


POINT  OF  MAXIMUM  PRCSSUREj 
LINE  OF  ZERO  PRESSURE    I 


Fig.  6,401. — ^Alternating  current  represented  by  the  sine  curve.  As  the  elementary  alternator 
rotates  the  induced  electric  pressure  will  vary  in  such  a  manner  that  Us  imensUy  at  any 
point  of  the  rotation  is  proportional  to  th^  sine  of  the  angle  corresponding  to  that  point.  Hence, 
on  the  horizontal  line  which  passes  through  the  center  of  the  dotted  circle,  take  any  length 
as  08,  and  divide  into  any  number  of  equal  parts  representing  fractions  ox  a  revolution,  as 
0 *,  90 *,  180 *,  etc.  Erect  perpendictdars  at  these  pomts  and  from  the  corresponding  pomts 
on  the  dotted  circle  project  hnes  (parallel  to  08)  to  the  perpendiculars;  these  intersections 
give  points,  on  the  sine  curve.  The  curve  lies  above  the  horizontal  axis  during  the  first  half 
of  the  revolution  and  below  it  during  the  second  half,  which  indicates  that  the  current  flows 
in  one  direction  for  a  half  revolution,  and  in  the  opposite  direction  during  the  remainder  of 
the  revolution. 


Fig.  6,402. — Diagram  showing  one  alternation  of  the  current  in  which  the  latter  varies  from  zero 
to  maxim'im  and  back  to  zero  while  the  generating  loop  ABCD  makes  one  half  revolution. 
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Fig.  6,403.— Disgnm  JUmtntiDK  amptiiude  of  ttw  cu 
or  maximum  value  in  one  quarter  peiiod  from  its  i 
the  fferjeratiuff  loop  movealrom  position  ABCD  t( 
tbe  current  mches  its  maximum  vaJne  in  the  opponte  directioD. 
ISO  RKVOUJTIONS 


PER  K 


IKUTE 


its  umplicude 
.stance,  while 


900  RCVOLUTJONS 


Pig.  6,404.— Diagram  illw 
IhtrcKtutioHS  gfarnalur 

ISO  BCV0LUTION8 


Fig.  6,405. — Diagnm  iQustiating  ahu  aiienalars  are  baUl  mu/ti-jxilar.  Evidently 
rive  speed  of  the  bi-polar  alternator  would  require  such  great  velcxity  redoctkra  tl 
temH&iate  tcduetioii  bmt  would  be  necewaiy  requiring  citn  ipace  and  adding  com 
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strength,  returning  to  zero,  and  then  going  through  similar  variations 
in  strength  in  the  opposite  direction;  these  changes  comprise  the 
cycle  which  is  repeated  with  great  rapidity. 
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Fig.  6,406. — Diagram  illustrating  phaae.  By  definition  phase  is  the  angle  turned  through  by 
the  armature  reckoned  from  a  given  instant. 

Pigs.  6,407  and  6,408. — Diagrams  illustrating  in  pha»e  or  aynehronism.  If  two  alternators 
with  coils  in  parallel  planes  be  made  to  rotate  "in  step"  with  each  other  as  by  chain  con- 
nection, they  will  then  operate  in  phase  or  in  synchronism ,  and  the  alternating  pressure  or 
current  in  one  will  vary  in  step. with  that  in  the  other. 


^  STATE  OF 

#-N  RESONANCE 

**§^y^^SrX\     SYNCHRONISM  OF 
**-//&>  XXCURRENT&PRESSURE 

\ 


CAUSED  BY 

Nc^sB^  INDUCTANCE 


CURRENT 
UGS 

IN  QUADRATURE 


^^NJRE^    CAUSED  BY 

\  CAPACITY 


A/V  N 


CURRENT 
LEADS  '   ^^ — ^\ 

IN  QUADRATURE       \ 


IN  OPPOSITION 


Pigs.  6,409  to  6,412. — ^Phase  relations  of  the  current. 
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The  advantage  of  alternating  current  (a.c.)  over  direct  current  (d.c.)  lies 
in  the  reduced  cost  of  transmissiou  by  use  of  high  volta^  and  transformers , 
greater  simplicity  of  alternators  and  a.c.  motors,  facility  of  tr^tsfomiiiis 
mjm  one  voltage  to  another  (either  higher  or  lower)  for  different  purposes. 

The  disadvantages  of  alternating  ciurent  are;  1 ,  the  high  pressure  at  iriiich 


SINGLE  PHASE  CURRENT 


le  pomU  danna  the  cyi 


elfecl.    If  a  Cardew  voltmeter  be  pla 
osoillating  between  ,ma.ima  of  +  lOo 
anthmetical  mean  is  leally  only  63,7; 
equal  reading.    The  word  effsclfee  is  c 

Fic.  6.415.— Diaatam  illustrBting  rfrlu. 
whole  of  the  impressed  pressure  will  be 
In  thia  case  the  virtual  and  effective 

effective  pressure  (which  u  the  diifen 
be  reduced,  the  virtual  or  impressed  pre 

and  —  100  volts,  it  will  read  70.7  volts,  though  the 

effective  in  causing  current  to  flow  around  the  circuit, 
pressures  will  be  equal.    If  the  coil  be  switched  into 

NOTE,— 4  Cardaw  nolimrler  ind 
thimigh  a  slender  wire  of  platinum  silver 

Kstea  electric  pressure  by  the  passage  of  the  current 
which  thereupon  expands  and  moves  the  indei  needle 
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it  is  used  renders  it  dangerous,  requiring  more  efficient  insulation,  alter- 
nating current  cannot  be  used  for  such  purposes  as  electroplating,  charging 
storage  batteries,  etc. 

The  various  terms  relating  to  alternating  current  illustrated  in  the 
accompanying  cuts  should  be  thoroughly  understood. 


Single  or  Monophase  Current. — This  is  produced  by  an 

f^ESSURE       ^SIMULTANEOUS  MAXIMUM  VALUES 


'CURRENT  NEITHER  LA6$  NOR  LEADS 


Fig.  6,416. — Pressiire  and  current  curves  illustrating  the  term  "in  phase."    The  current  is 
said  to  be  in  phase  with  the  pressure  when  it  neither  lags  nor  leads. 

gjRRENTAND  PRESSURE 
"OUT  OF  PHASE-'      


,     PHASE  OIFPERENCE 
MEASURED  IN  DE^EEft 

Pig.  6,417.— Pressure  and  current  curves  illustrating  the  term  **out  of  phase.**  The  current 
is  said  to  be  out  of  phase  with  the  pressure  when  it  either^  lags  or  leads ,  that  is  when  the 
current  is  not  in  synchronism  with  the  presstire.  In  practice  the  current  and  pressxtre  are 
neariy  always  Out  of  phase. 


TWO    PHASE  CURREHT 


Pig.  6,418. — Two  phoMm  ewurrent» — ^If  the  loops  be  placed  on  the  alternator  armature  at  00 
magnetic  degrees,  a  single  phase  current  will  be  generated  in  each  of  the  windings,  the  cur- 
rent in  one  winding  being  at  its  maximum  value  when  the  other  is  at  zero-.  In  this  case 
four  transmission  conductors  are  generally  used,  two  for  each  separate  circuit. 
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Since  ths  alten 


Pt1ASE.DlFF£fieMCtJ20» 

HREE  PHASE  CURRENT 


Pica.  e.*2l  Bad  6A22.~ThrtaphaimeurTia-mOifbntat\dta-m»tHetnt*oa.    Iftbelooia 

be  plu^  OH  the  alternator  Bimature  at  120  nugnetic  desnes  fioRi  one  another,  the  current 
in  ea£h  will  attain  ita  maumtim  at  a  prunt  one-thiid  of  a  cycle  distant  from  the  other  tiro- 
The  arrsneeineiit  shown  in  Sg.  6.423  gina  three  independent  Binale  phan  cunentaand  n- 
□  uiret  six  wiiea  for  their  tranimiaikia.  A  better  orranaement  ami  the  one  Beneimlly  uu<l  « 
■hown  in  fig.  6,421.    Here  the  three  ends  (one  end  of  each  of  the  kx^ia)  are  Grouslit  to 


only  three  wires  (or  the  transmiuion 


C  theci 


ST  ends,  connected  to  the  collector  ri 
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alternator,  whose  armature  has  a  single  winding  as  in  fig.  6,413. 
Two  wires,  a  lead  and  return  are  used. 

Two-Phase  Current. — Usually  these  are  two  distinct  single 
phase  currents  flowing  in  separate  circuits.  There  is  often  no 
electrical  connection  between  them. 

* 

They  are  of  equal  periods  and  amplitude  hut  differ  in  phase  by  j^  of  a  period, 
as  shown  in  fig.  6,418.  With  this  phase  relation  one  of  them  will  be  at  a 
mazimtun  when  the  other  is  at  zero. 
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Fig.  6,423. — ^Hydraulic  analogy  of  two  phase  ctarrent.  The  same  cycle  of  water  flow  takes  place 
as  in  figs .  6 .4 19  and  6 ,420 .  Since  the  cranks  are  at  90  *,  the  second  piston  is  one-half  stroke 
behind  the  first;  the  flow  of  water  in  No.  1  (phase  A)  is  at  a  maximum  when  the  flow  in  No.  2 
^hase  B)  comes  to  rest,  the  current  conditions  in  both  pipes  for  the  entire  cycle  being  repre- 
sented by  two  sine  curves  whose  phase  difference  is  90^. 

Pig.  6,424. — ^Hydraulic  analogy  of  three  phase  cjtrrent.  Three  cylinders  are  here  shown  with 
pistons  connected  through  Scotch  yokes  to  cranks  placed  120*'  apart.  The  same  action  takes 
place  in  each  cylinder  as  in  the  preceding  cases,  the  only  difference  being  the  additional 
cylinder,  and  difference  in  phase  relation. 

Three  Phase  Currents. — This  consists  of  three  alternating 
currents  of  equal  frequency  and  amplitude,  hut  differing  in  phase 
from  each  other  hy^i  of  a  period. 

When  any  one  of  the  currents  is  at  its  maximum  the  other  two  are  of 
half  their  maximum  value  and  are  flowing  in  the  opposite  direction. 


Induction. — Each  time  a  current  is  started,   stopped  or 
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varied  in  strength,  (Ac 
mas^*'*^*'*  changes,  and 
indueen  a  reverse  pres- 
sure thai  opposes  the 
pressure  which  produces 
the  current. 

This  self-induced  re- 
verse pressure  tends  to 
weaken  the  main  current 
at  the  start  and  prolong 
it   when    the    circuit   is 


Evidently  dnce  &a  alter- 
natinj;  current  is  continu- 
ally varying  in  Btrength 
&nd  reversing,  there  will 
always  be  more  or  less 
opposition  due  to  the  re- 
verse pressure,  this  oppo- 
sition being  called  the 
tpurioua  resistance  as  dis- 
tinguished from  the  ohmic 
resuUirKe  or  true  resistance  ■ 
Hence  in  the  flow  of  alter- 
nating current  in  a  circuit 
there  will  be  two  retanUnE 
eSects,  due  to  the  spurious 
and  ohmic  resistances. 

The  spurious  resistance 
depends  upon  thefregutney, 
shape  of  the  conductor ,  and 
nature  of  the  surrounding 
mtdium. 

The  expression  induct- 
ance is  frequently  used  in 
the  same  sense  as  coefficient 
of  self-induction,  or  the 
capacity  which  an  electric 
current  has  of  producing 
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>f  inductance  is  the  henrji,  named  after 
nt  of  in ' 

X(  -2t/L (1) 

in  which/  =■  frequency;  L  =  henrys. 

Capacity. — ^When  an  electric  pressure  is  applied  to  a  con- 
denser, the  current  plays  in  and  out,  chaining  the  condenser  in 
alternate  directions. 

Aa  the  current  tuna  in  at  one  side  and  out  at  the  other,  the  dielectric 
becomes  charged,  and  tries  to  discharge  itsell  by  eetting  up  an  opposing 
electric  pressure.    This  opposing  pressure  rises  just  as  the  chai^  increases. 


prauure  -  1.S7  X  .707  -  1.11  volu. 

m  bora  1797   died  187B.    E*  » 


'NOTE.— J«uh  Btnm,  the  Amyiean  tiiytiaU.  mi  bora  1797.  died  187B.    E* 

noted  for  bit  naardwa  in  electnnnagDetbm.    la  ISal.heenvilayedBnuUotfias  Mmsr 

with  an  elHrtronu^net.  cuuina  the  cuirent  to  attnct  the  •rmctoie  aad  atrika  *  bell,  thntby 


aUbliihiog  the  pnndpis  employed  ia  modem  taksnpb  pnctice.  He  WM  mads  a  probnor 
at  Princeton  in  1S32.  and  durins  his  experimentiiig  toeiii  ha  deviled  an  amnfement  of  bat- 
teriea  and  electfomasnet*  embodying  the  Diincq>lB  of  the  teleetaph  lelay  which  made  pMfiMe 
Ions  distance  tiaanniiaan.  Hi  voj  lit  ftsi  to  otuni  magnmllc  imlf-ladtietlon,  and  per- 
formed imturtant  inveatigBtiMis  in  oedllatins  electrio  dtecAariea  (1843),  end  other  eketncal 
pheoomena.  Henry  enjoyed  an  intoniatlaaM  repotatioa.  aad  i>  adcninrtedaed  to  be  one  ol 
America'!  greatest  acientiati. 

NOTE.^'lUlheretothBUnarirnuI,  aaitwaiinqsebeCon  the  term  tfficiict  which  wai 
locawamended  in  1889  by  the  Paris  CongreM  to  denote  the  jjimr*  root  of  wimh  lauari  value. 
The  cormponding  Bnguah  adjective  is  tfJUacUrHs;  but  tome  enfineen  miitnmsJate  it  with 
the  word  tfacMM.  I  adbete  to  the  term  viriHol  mainly  becBUM  the  adjective  tfftctiti  a  n- 
quJrad  in  ite  tuuol  meanina  in  Idnematica  to  Tppre^nt  the  resolved  part  of  a  force  which  act! 
obliiiuebr  to  the  Hoe  o(  motion,  the  effective  force  being  the  whole  totco  multiplied  by  the  cosine 
of  the  angle  at  wluch  it  acta  with  respect  to  the  direction  of  motion.  Some  authon  use  the 
expneskn  'R.  M.  S.  value'  (meaoing  'root  mean  xguiue')  to  denote  the  virtual  or  quadratic 
mean  value."— 5.  P.  Thompson. 
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The  effect  of  capacity  is  the  opposite  of  inductance,  that  is,  itOMaiats  the 
current  to  rise  to  its  maximum  sooner  than  it  would  otherwise, 

A  condenser  is  said  to  have  a  capacity  of  one  farad  when  one  coulomb 
of  electricity  stored  in  the  ^ies  of  the  condenser  will  cause  a  pressure  of  one 
volt  across  its  terminals.  Every  alternating  current  circuit  acts  as  a  con- 
denser. 


The  ohmic  equivalent  of  capacity  or  capacity  reactance 


2ir/C 


(2) 


in  which/  «■  frequency;  C  —  capacity  of  standard  condenser. 


DYNAMO 


CONDENSER 


ALTERNATOR 


CONDENSER 


Figs.  6,436  and  6,437. — ^Effect  of  condenser  on  J.£.  and  a,e,  circutti.  In  fig.  6,436  the  eondcnser 
ofeventstheflowofflirect  current,  hence  no  light.  In  fig.  6,437  the  condenser  gap  does  not 
hinder  the  flow  of  ax,  in  the  metallic  p<nrtion  of  the  circttit,  hence  lamp  will  light.  In  fact 
the  alternator  produces  a  continual  surgizig  of  electricity  backwsrda  and  f orwuda  from  the 
Iidates  of  the  omdenser  around  the  metallic  portion  of  the  dieuit,  similar  to  the  aurging  of 
waves  against  a  hulkhead  which  projects  into  the  ocean. 


a ^ 


IRON  CORE 


COIL 


r 


SWITCH 


Fig.  6,43S. — ^Inductance  experiment  with  intermittent  direct  current.  A  lamp  is  eonnected 
in  pNuaUel  with  a  coil  of  fairly  fine  wire  having  a  removable  iron  core,  and  the  terminals 
T.  T'  connected  to  a  source  of  direct  current,  a  switch  M.  being  provided  to  interrupt  the 
current.  The  voltajze  of  the  current  and  resistance  of  the  coil  are  of  such  values  that  when 
a  steady  current  is  flowing;  the  lamp  filament  ia  just  perc«>tibly  red.  At  tht  instant  qf  mak' 
ing  tlM  circuit,  the  lamp  wtU  momentarily  glow  more  orighuy  than  when  the  current  is  steady; 
on  breaking  the  circuit  the  lamp  will  momentarily  fiash  with  great  brightness.  In  the  first  case, 
the  reverse  pressure,  due  to  mductanoe.  as  ixidicated  by  arrow  b,  will  momentarily  oppose 
the  normal  presstire  in  the  coil,  so  that  the  voltaf[e  at  the  lamp  will  be  momentari&  in- 
creased, ana  will  consequently  send  a  momentarily  stronger  current  through  the  lamp. 
On  breaking  the  main  circuit  at  M ,  the  field  of  the  coil  will  collapse,  generating  a  momentary 
much  greater  voltage  than  in  the  first  instance,  in  the  direction  of  arrow  a,  the  lamp  will 
fiash  up  brightly  in  consequence. 
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RESERVOIR 
'RUBBER  DIAPHRA^^ 


PULUEY 


Fig.  6,439.'— Hydraulic  Aoalogy  illttstrating  capacity  in  an  altenuttisg  current  circuit.  A 
chamber  containing  a  rubber  diaphragm  u  connected  to  a  double  acting  cylinder  and  the 
system  filled  with  water.  M  opermtioit,  as  the  piston  moves,  say  to  the  left  from  the  cen- 
ter, the  dtaphragm  is  displaced  from  its  neutral  position  N,  and  stretched  to  some  position 
M,  in  so,  doing  offering  increasing  resistance  to  the  flow  of  water.  On  the  retttrn  stroke 
the  flow  is  reversed  and  is  assisted  bythe  diaphragm  during  the  first  half  of  the  stroke, 
and  opposed  during  the  second,  half.  ,The  diaphrafpn  thus  acts  with  the  flow  of  water  one- 
half  oi  the  time  and  in  oi>i>osition  to  it  one-half  oithe  time.  This  corresponds  to  the  elec- 
trical pressure  at  the  texminals  of  a  condenser  connected  in  an  alternating  current  circuit, 
and  it  has  a  maximnm  value  when  the  current  is  sero  and  a  zero  value  when  the  current 
is  a  maximum. 

Fig  6.440. — ^Mechanical  analogy  illustrating  effect  of  capacity  in  an  alternating  circuit.  If 
an  alternating  twisting  force  be  applied  to  the  top  R,  of  the  spring  S,  the  action  of  the  lat- 
ter maybe  taken  to  represent  caiMtcity,  and  the  rotation  of  the  wheel  W,  alternating  cur- 
rent. The  twisting  force  (impieued  pressure)  must  first  be  applied  before  the  rotation  of 
W  (cnrrent)  will  begin.  The  resiliency  or  rebounding  effect  of  tne  spring  wiU,  in  time,  cause 
the  wheel  W ,  to  move  (amperes)  in  advance  of  the  twisting  force  (voltage) ,  thus  representing 
the  current  leading  in  phase, 

M 


06606 
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Fig.  6.441. — Diagram  illustrating  effect  of  capacity  in  an  alternating  circuit.  Considering 
its  action  during  one  cycle  of  the  current,  the  alternator  first  **pumps",  say  from  M  to  S; 
electricity  will  be  heaped  up,  so  to  speak,  on  S.  and  a  deficit  left  on  M.  that  is,  S  will  be 
+  and  M— .  If  the  alternator  be  now  suddenly  stopped,  there  would  be  a  momentary 
return  flow  of  electricit^r  from  S ,  to  Nf ,  through  the  alternator.  If  the  alternator  go  on  work- 
ing, however,  it  is  obvious  that  the  electricity  heaped  up  on  S,  hdlps  or  increases  the  flow 
when  the  alternator  begins  to  pump  from  S,  to  M,  in  the  second  half  of  the  cycle,  and  when 
the  alternator  again  reverses  its  pressure,  the  +  charge  on  M ,  flows  round  to  S,  and  helps 
the  ordinary  current.  The  above, circuit  is  not  strictly  analogous  to  the  insulated  plates 
of  a  condefloer,  but,  as  is  verified  in  practice,  that  with  a  rapidly  alternating  pressure,  the 
condenser  action  is  not  perceptibly  affected  if  the  cables  be  connected  across  by  some  non- 
inductive  resistance  as  for  instance  incandescent  lamos. 
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Example.— What  is  the  resistance  equivalent  of  a  50  microfarad  con- 
denser to  an  alternating  current  having  a  frequency  of  100? 

Substituting  in  formula  (2) ,  the  given  values  in  the  expression  for  ohmic 

^  "  2^70  '  2  X  3.1416  X  100  X  .000050  "  .031416  "  ^^^  ''^'^■ 


one  couLOHR 


-i  +  1 

1 

itina  the  farad.    By  di 


Lag  and  Lead. — The  alternating  current  does  not  always 
keep  in  step  with  the  alternating  volts  which  produce  the  current. 


CE 


,i3Bnda,444,— DiagrnmiiltusIiatlngtnBBni]  had.    Th« cflect of  inductanM b to 

ecurrentcycle,  that  11  tosay,  if  the  current  and  prcssura  be  in  phate,  the  introducl 

alue  sooner  than  it  would  ofhenvi«do»  as  in6g.  Qi44i;  capacity  produce!  «a  ^«ct 
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If  there  be  inductance  in  the  circuity  the  current  will  lug;  if 
there  be  capacity  the  current  will  lead  in  phase. 

Lag  and  lead  are  measured  in  degrees.  The  angle  of  lag  (symbol  ^)  is 
the  angle  where  the  tangent  of  the  angle  of  the  lag  is  equal  to  the  quotient 
of  the  spurious  resistance  divided  by  the  ohmic  resistance,  that  is 


tan^  as 


spurious  resistance      2ir/L 


ohmic  resistance 


R 


^3) 


in  which/  =  frequency;  L  =  inductance  inhenrys;  R  =  ohmic  resistance. 

Example, — ^An  alternating  circuit  has  an  inductance  of  6  ohms  and  a 
resistance  of  2.5  ohms.    What  is  the  angle  of  lag? 


STARTING 


^^■...«  (V01T5)  .fn^  (AMPERf S)     -t^flgtMT^ 


Pigs.  6.445  to  6,448. — ^Ferry  boat  analogy  of  lag.  In  Mtarting,  the  paddle  wheels  make  an 
appreciable  movement  {volti)  before  the  boat  begins  to  move  (amperes).  Thus  the  move* 
ment  of  the  boat  (amperes)  lag*  behind  the  thrust  of  the  paddle  wheels  (volts).  In  stopping, 
the  paddle  wheels  make  several  reverse  turns  (reversal  of  a.c.  volts)  before  the  movement  of 
the  boat  (amperes)  ceases,  thus  lagging  behind  the  thrust  of  the  x>addles  (volts). 


Substituting  in  formula  (1) 


6 


tan  0  «  ^  -  2.4 

Referring  to  a  table  of  natural  tangents,  the  corresponding  angle  is  ap- 
proximately 67*. 

The  angle  of  lag  may  be  anything  up  to  90®. 

Reactance. — The     spurious     resistance     or     inductance    as 
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distinguished  from  the  ohmic  resistance  is  called  reactance  and  is 
expressed  in  ohms. 

Example. — If  an  alternating  current  whose  fre- 
quency is  60,  have  an  inductance  of  .5  henry,  what  is 
the  reactance? 

nOO  CAKRYINS  POINTER 


*KV'SPVj 


WEfOMT 


Fig.  6,440. — Mechanical  analogy  of  lag.  If  at  one  end  force  be  applied  to  turn  a  very  long 
shaft,  having  a  loaded  pulley  at  the  other,  the  torsion  thus  prodiiced  in  the  shaft  will  cause 
it  to  twist  an  appreciaole  amount  which  will  cause  the  movement  of  the  pulley  to  lat  be- 
hind that  of  the  crank.  This  may  be  indicated  by  a  rod  attached  to  the  pulley  and  ter- 
minating in  a  pointer  at  the  crank  end,  the  rod  being  so  placed  that  the  pointer  registers 
with  the  crank  when  there  is  no  torsion  in  the  shaft.  The  an^i^  made  by  the  pointer  and 
crank  when  the  load  is  thrown  on»  indicates  the  amount  of  lag  which  is  measured  in  degrees. 


WE  MOMEinUM  or  FLY  WHEEL  tURNJ 
CRANK  PAST  DEAD  CENTER 


ROTATION 


TANGENTIAL  OR 
TURNING  COMPONENT^ 
OF  APPLIED  FORCE  -0 


FLY 
WHEEL 


o 


mrO^ 


CTGirfln5R"DEA0  *^:ENTEtr. 


APPLIED  FORCE 


Pio.  6,450. — Steam  engine  analogy  of  current  ^aw  at  aero  pressure.  When  the  engtoe  has 
reached  the  dead  center  point  the  full  steanipressure  is  actmg  on  the  piston,  the  valve  hav^ 
tng  opened  an  amount  equal  to  its  lead,  ."nie  force  applied  at  this  mstant.  indicated  by 
the  arrow  is  perpendicular  to  the  crank  pin  ckde.  that  is,  the  tangential  or  turning  com- 
ponent is  equial  to  zero,  hence  there  is  no  pressure  tending  to  turn  the  crank.  The  latter 
continues  in  motion  past  the  dead  center  because  of  the  momentum  previously  acquired. 
Similarly,  the  electric  current,  which  is  here  analogous  to  the  moving  crank,  continues  in 
motion,  though  the  pressure  at  some  instants  be  zero,  because  it  acts  as  though  it  had  weii^t, 
that  is,  it  cannot  be  stopped  or  started  instantly. 
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pif!  ill 
Igpill    -111    l?.l||:?l 

III  U      0" 


II'  Pa      ^ 


3,480-120 


ALTERNATING  CURRENTS 


Substituting  in  formula  (1) 

X<=  2ir/L  =  2  X  3.1416  X  60  X  .6  -  188.6  ohnis 

Impedance. — ^This  term  means  the  toted  opposition  in  an 
electric  circuit  to  the  flow  of  an  alternating  current, 

1.  When  the  circuit  contains  only  resistance  and  reactance. 

impedance  ■»  Vresistance*  +  reactance' (4) 


OHMlCDRpP 


Pig.  6. 455 .-"-Graphical  method  of  ob- 
taining the  impedance  in  circuits 
containing  resistance  and  inductance, 
having  given  the  resistance  and  re- 
actance.  that  is,  the  ohmic  resistance 
and  spurious  resistance.  With  any 
convenient  scale  lay  off  AB  »r€sisi- 
ancet  and  erect  the  perpendicular  BC 
^reactance  (xising  the  same  scale); 
join  AC,  whose  length  (measured  with  the  same  scale)  will  give  the  impedance. 

Fig.  6.456. — Graphical  method  of  obtaining  the  impressed  xnressure  in  circuits  containing 
resistance  and  capacity,  having  given  the  ohmic  drop  and  reactance  drop  due  to  capacity. 
With  any  convenient  scale,  lay  off  AB  'mohmic  drop,  and  at  right  angles  to  AB  draw  BC  » 
reactance  drop  (usin^  the  same  scale).  Jpm  AC,  whose  length  (measured  with  the  same 
scale)  will  give  the  tmpressed  pressure.  The  mathematical  expressions  for  the  three  quanti- 
ties are  given  inade  the  trian^e,  and  explained  in  the  text. 

Pig.  6,457. — ^Impedance  diagram  for  circuit  contaixung  resistance,  inductance  and  capacity. 
The  symbols  corresponding  to  those  used  in  equation  (1)  below.  In  constructing  the  dia- 
gram from  the  given  values,  lay  off  AB  "^x^esistance;  at  B ,  draw  a  line  at  right  anc^,  on  which 
Uty  off  above  the  resistance  line,  BC«Binductive  reactance^  and  below.  BDascapacity  re- 
actance, then  the  resultant  reactance  «BC  — BD  «BD'.  Jom  A  and  D'  then  AD'  i^impe- 
dance. 


Example. — ^If  an  altemationg  pressure  of  100  volts  be  impressed  on  a 
coil  of  wire  having  a  resistance  of  6  ohms  and  inductance  of  8  ohms,  what 
is  the  impedance  of  the  circuit  and  how  many  amperes  will  flow  through 
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the  coil?    In  the  example  here  given,  6  ohms  is  the  reststance  and  8  ohms 
the  reactance.    Substituting  these  in  equation  (4) 


impedance  =»   Vd^  +  8'  =   VlOO  =  10  ohms 

The  current  in  amperes  which  will  flow  through  the  coil  is,  by  Ohm's 
law  using  impedance  m  the  same  way  as  resistance. 

volts  100  volts 

current  =»  . t =   ..^   , —   =  10  amperes. 

impedance         10  ohms  '^ 

2.  When  the  circuit  contains  resistance,  reactance  and  ca- 
pacity. 

impedance  —    ->!  resistance^  +  {inductance  reactance  —  capacity  reactance)^ 
or  using  symbols,  

Z  -  VR»  +  (X^  — X,)J (6) 

Example. — ^A  current  has  a  frequency  of  100.  It  x>asses  through  a 
circuit  of  4  ohms  resistance,  of  150  miUi-henrys  inductance,  and  of  22 
microfarads  capacity.    What  is  the  imi)edanoe? 

a.  The  ohmic  resistance  R,  is  4  ohms. 

h.  The  inductance  reactance,  or 

X<  -  2  ir/L  =  2  X  3.1416  X  100  X  .15  -  94.3  ohms.. 

150  milli-henrys  are  reduced  to  .15  henry  before  substituting  in  the 
formula. 

c.  The  capacity  reactance,  or 

^  ^  27/0  "  2  X  3.1416  X  100  X  .000022  *  "^'^  °*^^* 

* 

22  microfarads  are  reduced  to  .000022  farad  before  substituting  in 
the  formula. 

Substituting  values  as  calculated  in  equation  (5), 

Z  «   V4>  +  (94.2  —  72.4)a  »  ViOl  -  22.2  ohms. 

Resonance. — Inductance  and  capacity  oppose  each  other 
when  the  effect  of  inductance  neutralizes  that  of  capacity  the  circuit 
is  in  a  state  of  resonance;  that  is,  when  X«-  and  X«  are  equal  in 
formula  (6)  the  circuit  is  resonant. 
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CHAPTER  101 

Power 
Factor 

When  the  alternating 
current  is  not  in  phase  with 
the  pressure,  the  product 
mtist  be  multiplied  by  a 
coefficient  called  the  power 
factor  in  order  to  obtain  the 
true  tvatts,  or  actual  power 
available. 

By  definition  the  power 
factor  is:  ike  number  of 
watts  indicated  by  a  watt 
meter,  divided  by  the  product 
of  the  ammeter  reading,  mul- 
tiplied  by    the    volt    meter 


The  watt  meter  readi:^ 
gives  the  tru«  toattt  and  the 
product  of  the  ammeter  and 
volt  meter  readings,  tba 
apparent  watt: 


POWER  FACTOR 


When  the  current  and  pressure  are  in  synchronism,  the  power  factor  is 
unity;  luiert  there  is. lag  or  lead  fhe  power  factor  is  less  than  unity.  Its  usual 
value  is  slightly  less  than  one.  Tht  power  factor  is  numeriailly  equal  to  tht 
cosine  of  the  angle  of  phase  differerKe  between  current  and  pressure, 

Exarnple. — A  circuit  having  a  resistance  of  3  ohms,  and  a  resultant 
reactaitoe  of  4  ohms,  is  connected  *o  a  100  volt  line.  What  is:  1,  the  impe- 
dance, 2,  the  current,  3,  the  apparent  power,  4.  the  ai^e  of  lag,  fi,  the 
power  factor,  and  6,  the  true  power? 


•  SHOBTcmOFF 


1  »naloffy  of  power  factor.    In  the  CBrd,  the  iteam  dutributton  is  tach 

ided  bekiw  tlia  bockpnsnira  Una.  thatii  be1o«  tlw  pisnun  of  ths 

exhaust.  ThisieaultB  in  ntfoliH  mrt  which  must  be  overcome  hy  the  notHenlum  oi  hintUe 
tturty  pferioiisly  stored  in  the  fly  whEcl.  and  which  ia  t^prEseDted  on  the  diaBVAm  by  the 
ihaded  loopS.    If  the  exhaust  valvo  bad  opened  nt  G.  the  amount  of  vwk  dans  during  the 


:tuTent;  dlaBTam  iUustratinA 

spectively  tne  given  current 

:,  Hnd^  the  angle  of  phase  differ- 

, . .„ B,  BD  perpendicular  to  AC  will 

ive  AD  the  active  component.  Now,  true  power -AC  X AD,  but  AD-AB  cos  #,  hence 
rue  power  -AC  XAB  cos  «.  Again,  apparent  powei  -AC  X  AB,  and  ainoe  truo  VotlWI 
■apparent  power  X  power  factor,  the  power  factor  -cos  ^, 

1.  The  impedance  of  the  circuit. 

Z  -   V3"-|-4»  =  5  ohms. 

2.  The  current. 

ciurent  —  volts  +  impedance  =  100  -j-  5  =  20  amperes, 

3.  The  apparent  power. 

apparent  power  =  volts  X  amperes  =  100  X  20  =  2,000  watts. 


POUTER  FACTOR 


4.  Tkt  lanient  of  the  angle  0}  lag. 

tan  0  ■>  reactance  4-  re^stance  k  4  -^  3  b  1^.    Prom  table  of 
natural  tangents  (page  451)  4i  •=  53°. 

5.  Thepcwer factor. 

The  power  factor  is  equal  to  the  cosine  of  the  angle  of  lag,  that  is, 
power  factor  ••  cos  63^  »  .&Xi  (from  table), 

6.  Tfie  true  power. 

The  true  power  is  equal  to  the  apparent  watts  multiplied  by  the 
power  factor,  or 


when  then  is 


Figs.  6.461  to  6.465. — Diagrama  lUustratiflS  why  Uu  power  fa 

The  power  factor  IB  equal  to  the  cosine  ot  the  ancle  odag  (or  lead).    In  the  fimres  this  mgle 
it  BAC  or  *  and  the  ™luc  of  the  natural  aalnt  AC  gives  the  power  (actor.   By  liufMCIton 


K,  the  power  factor  with  decreasing  reactance  evidently  appn 
it  being  shown  in  tg.  SASB  irtieie  the  leactUKC  B'C  -0. 


POWER  FACTOR  ,125  -  3,485 

"Wattless  Current" ;  Power  Factor  Zero. — When  the  power 
factor  is  zero,  it  means  that  the  phase  difference  between  the 
current     and     the       ^^^^  ^^^^^  ^^  ^^^^  ^^^^  p^^^  ^^  weibht. 

pressure  is  90  ,  weight  acquires  man  ACCiuiBEs 

POTENTIAL  ENERGY  POTENTIAL   ENERGY. 


F  IDS.  a.46«  to  e  ,4a§ .— M«ctuni 
HH  from  th«  pDsitioa  oE  fiff-  ^ 
on  thfl  wcisht  giving  it  pote 
in  fia.  S,«SS.  the  v^htiasra 

in  ^.  6.4M.    During  auch  a 


igtven  back 


inaloEy  of  wattless  current.  If  a  man  lift  a  weight  be 
.mM  ta  positionof  fig.  6,467.  he  does  a  certain  amou 

tial  enei^.    When  he  iowtrs  it  to  il ~~-'  - 

he  potential  energy  previously  acquired , 

lan  and  weight)  having  returned  to  it_  ..^ 

L^ycle,  the  wmIc dona  by  the  man  on  the  weight  is  equal  to  I 
and  no  useful  external  work  has  been  accomplished. 
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The  term  wcUiless  current ,  as  understcxxi,  does  not  indicate  an  absence  of 
electrical  energy  in  the  circuit;  its  elements  are  there,  but  not  in  an  available 
form  for  external  work.  The  false  power  due  to  the  so-called  wattless  cur- 
rent pulsates  in  and  out  of  the  circuit  without  acoomplishing  any  useful 
work. 

If  an  alternator  supply  current  to  a  circuit  having  a  very  small  resistance 
and  very  large  inductance,  the  current  would  lag  neariy  90®  behind  the 
pressure.  The  primary  current  of  a  transformer  working  with  its  secondly 
on  open  circuit  is  a  practical  example  of  a  current  which  represents  very 
little  energy. 


•  » 


t^^^m 


li'iG.  6,470. — ^Wattmeter  method  of  three  phase  power  measurement.    Two  wattmeters  are 

Tequired  in  tmbalanced  systems  as  shown  in  the  illtistratior .    The  total  power  transmitted 

is  then  the  algebiuic  sum  of  the  readings  of  the  two  wattmeters.    If  the  power  factor  be 

:greAter  than  .6,  the  power  is  the  arithmetical  sum,  and  if  it  be  less  than  .5,  the  power  is  tiio 

,  arithmetical  dinerenoe  of  the  readings. 

Po^er  Factor  in  Station  Operation. — Coimnercially,  it  is 
•desirable  to  keep  the  power  factor  as  near  unity  as  possible, 
because  with  a  low  power  factor,  while  the  alternator  may  be 
carrying  its  full  load  and  operating  at  a  moderate  temperature, 
the  constimer  is  paying  only  for  the  actual  watts  which  are  sent 
over  the  line  to  him. 


NOTE. — To  avoid  dimputw  manufactoxers  usually  rate  their  altematon  in  IdloTolt 
amperes  (Ava.)  instead  of  watts,  a  Idlovolt  ampere  being  a  unit  of  apparent  power  in  an  ax, 
current  which  is  equal  to  one  kilowatt  when  the  power  factor  is  eqtuil  to  one. 

NOTE.— >i4  Doioer  factor  mater  is  important  in  station  ot>eration  when  rotary  oottverteri 
are  used  on  a.<;.  fines  for  supplying  direct  current  and  the  sub-station  operators  are  kept  busy 
adjtuting  the  field  rheostat  of  the  rotary  to  maintain  a  h^h  power  factor  and  prevent  over 
heating  oi  the  alternators  during  the  time  of  day  when  there  is  the  maximum  demand  for  current 
that  is  at  the  time  of  the  peak  of  thA  load . 


POWER  FACTOR 


127  -  3,487 


For  instance,  if  a  large  alternator  supplying  1,000  kilowatts  at  6,600 
volts  in  a  town  where  a  number  of  induction  motors  are  used  on  the  line 
be  operating  with  a  power  factor  of  say  .625  during  a  great  portion  of  the 
time,  the  switchboard  instruments  connected  to  the  alternator  will  give  the 
foUowing  readings: 

Voltmeter  6,600  volts;  ammeter  242.4  amperes;  power  factor  meter 
.625. 

The  apparent  watts  would  equal  1,600,000  watts  or  1,600  kilowatts, 
which,  if  multiplied  by  the  power  factor  .625  would  give  100,000,000  watts 
or  1,000  kilowatts  which  is  the  actual  watts  supplied.     The  alternator 


Pig.  6,471. — ^Fleming's  combined  voltmeter  and  ammeter  method  of  measuring  power  in 
alternating  current  circuits..  It  is  quite  accurate  and  enables  instruments  in  use  to  be 
checked,  in  the  figure,  R  is  a  non-mductive  resistance  connected  in  shtmt  to  the  induo- 
tive  load.    The  voltmeter  V  measures  the  pressure  across  the  resistance  XV.     A  and  At 

are  ammeterslconnected  as  shown.    Then  true  watts«>  f  A*— A* f  ^  j    y  ^  ¥*    l^the volt 

meter  V  take  an  api>reciable  amount  of  current,  it  may  be  tested  as  follows:  disconnect 
R  and  V  at  Y,  and  see  that  A  and  Ai  are  alike;  then  connect  R  and  V  at  Y  again,  and  dk* 
connect  the  load.    At  will  equal  current  taken  by  R  and  V  in  paralldi. 

and  line  must  carry  242.4  amperes  instead  of  151  amperes  and  the  differ- 
ence 242.4  —  151  »  91.4  amperes  represents  a  waUless  current  flowing  in 
the  circuit  which  causes  useless  heating  of  the  alternator. 


In  station  operation  the  power  factor  is  determined,  not  by 
calculation,  but  by  reading  a  power  factor  meter* 
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CHAPTER  102 


Transformers 


The  transformer  is  one  of  the  essential  devices  in  effecting 
the  economical  distribution  of  electric  energy ,  and  may  be  defined 
as  an  apparatus  used  for  changing  the  voltage  and  current  of  an 
alternating  circuit.    A  transformer  consists  essentially  of: 


OPENICOKTIMUOUS) 


Figs.  6,472  to  6,476. — ^Elementary  transfonners  illustrating  basic  principles.  Fig.  6,472, 
primary  and  secondary  windings  of  only  a  sing(le  turn— induction  very  feeble;  fig.  6,473,  coils 
with  air  core — induction  feeble;  fig.  6,474,  coils  with  open  iron  core — induction  strong;  fig. 
6,475,  coils  with  closed  iron  core — induction  stronger;  fig.  6,476,  coils  with  closed  laminated 
iron  core  to  prevent  eddy  currents  and  resulting  loss  through  heating. 


TRANSFORMERS 


1.  A  primary  winding;  2,  secondary  winding;  3.  An  iron  core. 

Basic  Principle. — ^The  working  of  a  transformer  is  due  to 
what  is  known  as  mutual  inductton  between  two  circuits  when 
an  intermittent  or  alternating  current  flows  in  one  of  the  circuits. 

The  eSect  of  mutual  induction  may  be  explained  by  the  aid 
of  fig.  6,472.  Whenever  circuit  A,  is  closed  by  the  switch  allowing 


Al-TERNATOR 


;i  prinwiy  winding,  •econdary 


Pig.  e.4T3. — Diagram  ot  elementary  ttHnsfonner  with 
altematoT.  The  dotted  lines  ihov  the  lealoiee  of  maan 
ment  shown  in  fig.  O.iTB  is  used. 

Fio.  6,479. 


LclincB.    Totcmedytb 


[:tioQ  showing  commercial  amoKcment  of  pi 

ii  supeiiK>fled  on  the  other.    This  aTTangeo- 

i  created  by  the  prim&ry  winding  to  paos  thiough  th 


a  current  to  pass  m  a  given  direction,  a  momentary  current  will 
be  induced  in  circuit  B,  as  indicated  by  the  galvanometer. 

A  similar  result  will  follow  on  the  opening  of  circuit  A,  the  difEerence 
being  that  the  momentary  induced  current  occurring  at  closure  moves  in 
m  j^^jprifm  Qjiposite  to  that  in  the  battery  circuit,  while  the  momentary 
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Figs.  8,480  to  6,4S3. — General  Electric  cora  constnictioQ,    Fig. 

hiec. ^_. 

enter  leg  ii  a(  cnicifc 


fig.  0,*81,,i 


tioQ,  Fig.  B,180.  two  put 
ibuted  core,  to.  6.482,  iota 
yHSMmbled.  Tht  too  part 


cores  »re  BSKmbled  (rom  ilrait ^  _ 

■nd  the  two  oulec  legs  of  leclanaiilBr  Mctioa.  The  end  kminationi  an  imetted  «fter  ths 
windings  have  been  assembled.  These  cotea  are  ilrongly  elamped  by  means  o£  rtnictural 
Etea  paits  which  ara  sl^o  uliliied  in  securing  the  coie  and  coifs  in  Uie  tanks.  Tha  thrtr 
antl  four  part  cores  are  built  up  using  Lshaped  laminations  anembled  iBEuch  anunneru 
to  ucuRi  a  compaiatively  large  center  section  with  eaagnelie  circuits  radialins  at  ISO  de- 
grees or  90  degrees,  respectively.  These  laminations  are  interlocked  in  the  center  «ei:tJon. 
The  use  of  L  shaped  punchings  materially  improves  ths  designs  by  reducing  the  niunbei  of 
joints  in  the  magnetic  circuit  lo  two,  and  thusmateriallylowering  the  eiciting  current.  Th« 
threo  part  core  il  so  assembled  that  a  nine  aided  center  leg  is  produced  which  gives  practl'- 
cally  a  circulaT  form  on  which  the  coils  are  wound*  In  the  four  part  cot?,  b  center  leg  having 
four  sides  with  well  rounded  comers  is  secured  so  that  the  winding  makes  no  sharp  bends. 


core.    Then 

d™nglhe 

magnetic  citci 
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sembled  after  the  windin 
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three  part  cc 

«B  clumped  by  means 
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together  by  a  boll  oassi 

rough  t>^ctn 

ler  of  the  core 

In  the 

our  part  core  metal  atrapi 
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and  coils  in  the  tank. 
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current  at  opening  moves  in  the  same  direction.  Currents  beades  being 
induoed  in  circuit  B,  at  make  or  break  of  circuit  A,  are  also  induced  when 
the  current  in  circuit  A,  is  fluctuating  in  intensity.  This  intemiitteat  or 
alternating  current  is  necessary  for  the  operation  of  a  transformer. 

With  intermittent  current  most  marked  results  are  observed  when  the 
make  or  break  is  sudden.  Since  the  current  can  be  stepped  quicker  than 
it  can  be  started,  the  induction  is  greatest  at  break,  hence  ignition  ap- 
paratus is  designed  to  produce  a  spark  at  break. 


coili  of  Weninahouie  10  aod  IS  *».  tiuulonnen;  vi«w< 
called  the  primary 


The  property  of  a  transformer  that  makes  it  of  great  value 
for  most  purposes  is  that  the  voltage  of  the  induced  currents  may 
be  increased  or  diminished  to  any  extent  depending  on  the  relation 
betwenn  the  number  of  turns  in  the  ■Orimary  and  secondary  winding. 
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Rule  2S. — Tht  voltage  of  the  secondary  curreni  is  [approximately)  to  the 
voltage  of  the  primary  current  as  the  number  of  turns  of  the  secondary 
wmding  is  to  the  numW  of  turns  of  the  primary  winding. 

Example. — If  ten  amperes  flow  in  the  primary  winding  and  the  trans- 
formation ratio  be  10,  then  10  X  10  =  100  amperes  will  flow  through  the 
secondary    winding. 

Thus,  a.  direct  proportiott  exists  between  the  pressures  and  turns  in 
the  two  windings  and  an  inverse  proportion  between  the  amperes  and 
turns,  that  is: 

primary  voltage:  secondary  voltage  =  primary  turns:  secondary  turns 

primary  current:  secondary  current  =  secondary  turns:  primary  tumt 


Pics.  6,486  snd  fl,487. — General  EleetrLo  Cora  and  trindines  assembly.  Fig.  6.488.  ma^ 
phase,  60  cycle  2.300  volt,  Iransformer  using  three  part  aiatributed  core;  fig.  6.487,  core 
Had  coila  of  single  phase,  2.300  volC  transfotiner  using  four  part  distributed  core.  Wladtng: 
These  are  of  two  genenJ  types,  those  wound  directly  on  the  core,  and  those  wound  on  fomu, 
and  later  assembled  on  the  core.  Windings  made  directly  on  the  core  have  the  advantage  of 
jilid  (upport,  the  insulations  being  placed  in  final  filed  positions  by  the  winder  and  not 
d&urbed  or  distorted  by  an  assembly  piocesi.  These  advanUaes  are  especially  desiraUo 
in  the  small  units  »a  here  the  clearances  required  by  economical  design  are  smallest.  Tbo 
coils  of  thQ  three  part  distributed  core  tran^ormers  are  wound  on  the  core.  One  half  of 
the  low  vollsgo  coUs  are  usually  wound  directly  over  the  core  insulation.  The  high  vollage 
coils  and  outer  low  voltafte  coils  are  in  turn  wound  over  the  inner  low  voltage  coili  with  an 
■  sulating  pad  between  all  eoila.  The  windings  are  provided  with  suitable  coil  ducts  for 
'■  -     '■--  -   -  ■---  and  location  of  the  ducts  varying  with  the  Eiw  of  the  tram- 


coohng — 
""  '  I  ot  the  Inur  part  distributed  core  tianalormers  may  be  either  c 

■npniiino  i.non  the  size  and  vnltane  of  the  transfnnniT.    Th™*  „„,„,„  ^,„ 
Ltisfonneim. 


From  the  above  equations  it  is  seen  that  the  watts  of  the 
primary  circuit  equal  the  watts  of  the  secondary  circuit. 
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In  the  above  example,  the 
total  wattage  in  the  primary 
circuit  is  1,000  X  10  =  10 
km.,  and  that  in.  the  second- 
ary circuit  is  100  X  100  = 
10  kui.  Hence,  while  both 
volts  and  amperes  are  widely 
different  in  the  two  circuits, 
the  watts  for  each  are  the 
same  in  the  ideal  case,  that 
is,  assuming  perfect  trans- 
former action  or  100%  effi- 
ciency. Now,  the  usual  loss 
in  commercial  transformers 
is  about  3%  at  full  load,  so 
that  the  actual  watts  de- 
livered in  the  secondary 
circuit  is  (100  X  100)  X 
97%-  9.7  kw. 

The  No  Load  or  Ex- 
citing Current.— When 

the  secondary  winding  of 
a  transformer  is  open  or 
disconnected  from  the 
n  ofai  secondary  circuit  no  cur- 
rent    will     flow    in    the 

winding,  but  a  very  small  current  called  the  «o /ood  or  ^:ir«ViMg 

current  will  flow  in  the  primary  circuit. 

The  reason  for  this  is  as  follows:  The  current  flowing  in  the  primary 
winding  causes  repeated  reversals  of  magnetic  flux  through  the  iron  core. 
These  variations  of  flux  induce  pressures  in  both  coils;  that  induced  in  the 
primary  called  the  reverse  pressure  is  opposite  in  direction  and  very  nearly 
equal  to  the  impressed  pressure,  that  is,  to  the  pressure  applied  to    the 

Srimary  winding.  Accon3in|;ly  tlje  only  force  available  to  cause  current  to 
□w  through  the  primary  winding  is  the  difference  between  the  impressed 
pressure  and  reverse  pressure,  the  effective  pressure. 


Pig.  1,9S4,— Method  ot  bringing  out  the  Becoodiry 
Each  primary  l«d  la  brought  into 


The  Magnetizing  Current. — The  magnetizing  current  of  a 
transformer  is  sometimes  spoken  of  as  that  current  which  the 
primary  winding  takes  from  the  mains  when  working  at  normal 
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pressure.  The  true  magnetizing 
current  is  that  component  of 
this  total  no  load  current  which 
is  in  quadrature  with  the  supply 
pressure.  The  remaining  com- 
ponent has  to  overcome  the 
various  iron  losses,  and  is  there- 
fore "in  phase"  with  the  supply 
pressure.  The  relation  between 
these  two  components  deter- 
mines the  power  factor  of  the 
"no  load  current." 

This  component  is  very  small 
if  the  transformer  be  well  de- 
signed, and  be  worked  at  low 
flux  density. 

Action  of  Transformer 
with  Load. — If  the  secondary 
winding  of  a  transformer  be  con- 
nected to  the  secondary  circuit 


PM.  e.4SB.^ei>r  view  of  Port  Wariw 

didobulingtranr' ' '—-'■ 

iioDI  for  attach! 

Flc,  0.490.— Top 

buting    traubfoi 
wound  irom  im 

conducUT   wclioi 
from  Urs«  itnuid 


lediSen 


coDcentiiciIly  with  the  hi(b 
windinff  between  the  two  low 
coil?,  the  object  being  to  tm* 

i  wound  in  layen  which  exteod 
the   whole  legnth  of   the  coil 


while 


with  means  of  prGVenting  creeiiina  i^ 
oil  by  capinaty  action  are  »tl«ched  tt 
these  studs  and  brousht  out  o£  tlu 
cnre  through  porteUin  liushin**. 
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by  cldsi&9Ut:£witch  so  that  current  flows  through  the  secondary 
winding.th'e  transfonner  is  said  to  be  loaded. 

The  action  of  this  secondary  current  is  to  oppose  the  magnetizing  action 
of  the  sh^ht  current  already  flowing  in  the  primary  winding ,  thus  decreasing 
the  maximum  value  reached  by  the  alternating  magnetic  flux  in  the  core, 
thereby  decreasing  the  induced  pressure  in  each  winding. 


il  block!  tor  high  u 


The  amount  of  this  decrease,  however,  is  wry  small,  inasmuch  as  a 
very  small  decrease  of  the  induced  pressure  in  the  primary  coil'  greatly 
increases  the  difference  between  the  pressure  applied  to  the  primaiy  coil 
and  the  opposing  pressure  induced  in  the  primary  coil  so  that  the  pnmary 
current  ia  greatly  increased.  In  fact,  the  increase  of  primary  currenl  due 
lo  the  loading  of  the  transformer  is  just  great  enough  (or  very  nearly)  to  exactly 
balance  the  magnetizing  action  of  the  current  in  the  secondary  coil;  that  is, 
the  flux  in  the  core  must  be  maintained  approximately  constant  by  the 
primary  current  whatever  value  the  secondary  current  may  have. 


B,496. — Porcekin  biUhing  for  WeWinahouM  ti»iii£orm«rs. 
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When  the  load  on  a,  transtomier  is  increased,  the  primary  <rf  the  trans- 
fonoer  automatically  takes  additional  current  and  power  from  the  supply 
mains  in  direct  proportion  to  the  load  on  the  secondary. 

When  the  load  on  the  secondary  is  reduced,  for  example  by  turning  off 
lamps ,  the  power  taken  from  the  supply  mains  by  the  pnman'  _coil  is  auto- 
matically reduced  in  proportion  to  the  decreasein  the  load.  Tliis  automatic 
action  of  the  transformer  is  due  to  the  balanced  magnetizing  action  of  the 
primary  and  secondary  currents. 


Pigs.  6.407  to  6,499. — General  Electric  tranifonner  cut  outs.    Pig.  6,49T,  eipulaon  cot  out 
for  6,600  volts;  Ag.  6.498,  plw  cut  out;  fia-  fl.*B9.  eipulsion  cut  out  for  pr«5urM  above 

rents  up  to  30  Bmpcres,  or  3.500  volt  circuit  for  currents, 

■her  than  those  for  which  the  plug  type  out  out  ia  suitable. 
sta  of  a  boK  of  treated  ash  vrith  hinged  door  and  u  tubular 

Aoat  is  dowd  ^.  "Upon  opening  the  door  the  fuse  holder  is 
he  circuit.    A  caid  hr "  - "  


of  the  fuse  holder.    When 

the  fuse  blows,  the  eipulsion 

lor  forces  it  oul  of  the  holi 

from  the  firound,  malting  i 

"unnc'Ss^ryt^'Snt^mm  or 

imine  if  the  fuse  bo  blown. 

These  cit  outs  are  suitable 

id  below,  100  amperes  and 

less.    A  modification  of  this 

)  to  45,000  volts  and  current 

a  out,  it  ii  suiUMe  for  out 

door  inslaUailon. 
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Classification  of  Transformers. — ^As  in  the  case  of  motors, 
the  great  variety  of  transformer  makes  it  necessary  that  a 
classification,  to  be  comprehensive,  must  be  made  from  several 
points  of  view,  as: 

1.  With  respect  to  the  transformation,  as 

a.  Step  up  transformers; 

b.  Step  down  transformeis. 

2.  With  respect  to  the  arrangement  of  the  coils  and  magnetic 
circuit,  as 

a.  Core  transformers; 

b.  Shell  transformers; 

'  c.  Combined  core  and  shell  transformers. 

3.  With  respect  to  the  kind  of  circuit  they  are  to  be  used  on,  as 

a.  Single  phase  transformers; 

b.  Polyphase  transformers. 

4.  With  respect  to  the  method  employed  in  cooling,  as 

a.  Dry  transformers; 

J.  Air  cooled  transformers    {  g;SdiiM.*'«ri>lrbU.t, 

c»  Oil  cooled  transformers; 
d.  Water  cooled  transformers. 

6.  With  respect  to  the  nature  of  their  output,  as 

a.  Constant  pressure  transformers; 

b.  Constant  current  transformers; 

c.  Current  transformers; 

d.  Auto-transformers. 


&  With  respect  to  the  kind  of  servioe,  as 

a.  Distributing; 

b.  Power. 
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7,  With  respect  to  the  circtdt  connection  that  the  trans- 
former is  constructed  for,  as 

'        a.  Series  transformers;    b.  Shunt  transformers. 

8.  With  respect  to  location,  as 
o.  Indoor,  b.  Outdoor. 

Step  Up  and  Step  Down  Transformers. — ^At  the  station 
the  low  voltage  current  from  the  alternators  is  transformed  to 


STEP  UP 


SEC. 
>  10  TURNS 


PRIM 
Z  TURNS 


STEP  DOWN 


RATI0.5 


RATION 


Fig.  6,500. — Diagram  of  elementary  sie^  up  transformer.  As  shown  the  primary  winding 
has  two  ttims  and  secondary  10  turns,  giving  a  ratio  of  voltage  transformation  of  10  -i-  2-"  6. 
Since  only  M.&s  much  current  flows  in  the  secondary  windmg  as  in  the  primary,  the  latter 
requires  heavier  wire  than  the  former. 

Fig.  6,501. — Diagram  of  elementary  step  down  transformer.  As  shown  the  primary  winding 
has  10  turns  and  the  secondary  2,  givmg  a  ratio  of  voltag^e  transformation  of  2  -^  10  ■>  .2. 
The  current  in  the  secondary  being  5  times  greater  than  m  the  primary  will  require  a  i>ro- 
portionately  heavier  wire. 

high  voltage  current  so  that  it  may  be  transmitted  to  consider- 
able distances  with  small  wires,  and  at  each  point  of  distribution 
it  is  stepped  down  to  low  voltage  as  is  required  for  lighting,  etc. 
In  this  way  there  is  a  considerable  saving  in  copper  as  must  be 
evident. 

Thus,  since  watts  =  amperes  X  volts  (from  which  amperes  »  watts  -«- 
volts)  to  transmit  say  1 ,000  watts  at  1 ,000  volts  the  wire  must  be  large 
enough  to  carry  1,000  -5-  100  =  10  amperes,  whereas  if  the  pressure  be 
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increaaedtol.OOOvolts,  the  wire  would  only  have  to  carry  1.000  +  1,000  — 
1  ampere,  hence  a  much  smaller  wire  could  be  used . 

Core  Transfomiers. — This  type  of  transformer  may  be 
defined  as  one  having  an  iron  core,  upon  which  the  wire  is 
wound  in  such  a  manner  that  the  iron  is  enveloped  within  the 
coils,  the  outer  surface  of  the  coils  being  exposed  to  the  air  as 
shown  in  figs.  6,502  and  6,503. 


HOund,  the  Hw 


PRIMUtVCOIL 
SECONDfcm  COIL 


12  and  eJSOS.— Con  ty, 

which  Uie  coib  an  wound.    A  usual  form  of  core  typ*  tramtormer 

_ J  ^i_  ^^^  ]oDa  limba  of  which  the  primary  aad  aecondary  coils  a] 

being  placed  aeit  the  con. 


SheU  Transformers. — In  the  shell  type  of  transformer,  as 
shown  in  fig.  6,504,  the  core  is  in  the  form  of  a  shell,  being  built 
around  and  through  the  coils.  A  shell  transformer  has,  as  a 
rule,  fewer  tiuns  and  a  higher  voltage  per  turn  than  the  core  type. 

Comparison  between  Shell  and  Core  Transformers.— 

The  choice  between  shell  and  core  transformers  depends  upon 
manufacturing  convenience'  rather  than  upon  operating  charac- 
teristics. 
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In  the  shell  tj^e,  there  are  required  an  extremely  targe  number  of 
relatively  small  pieces  of  insulating  material,  which  necessitates  careful 
workmanship  to  prevent  defects  in  Hie  finished  tranafonner,  when  thin  or 
fragile  material  is  used. 

Both  core  and  shell  transformers  are  built  for  all  ratlins.  For  small 
ratings  the  core  type  possesses  certain  advantages  with  reference  to  insula- 
tion, while  for  large  ratings,  the  shell  type  poissesses  better  cooling  prop- 
erties, and  has  less  magnetic  leakage  than  the  core  type. 

Distributed  Core  Transfonners. — ^An   improved   type  of 


Pio.  e.505.— Plan  of  core  of  General  Electric  distributed  core 

widths  of  puochinji  foraiinB  >uch  a  ciosa  section  that  when  Ihs  tour  dtouita  are  uxmbled 
tocethet  tbey  interlock  to  form  a  centrsl  les,  upon  which  the  wmdow  u  placed.  Th«  four 
remaining  1^  consist  of  punchings  of  equal  width.  These  occupy  B  pontjon  SQrToua&w 
the  coil  at  equal  dittancea  fiom  the  center,  on  the  four  aides:  forming  a  channel  betweas 
each  leg  »nd  coil,  thereby  preaentino  large  surfaces  to  the  coil  and  ellowinB  its  tna  acceas 
to  in  pull  of  the  winding.  The  punchinss  of  each  aiie  tranaf  ormer  are  all  of  the  iUBe  length, 
assembled  altematel;,  and  forming  two  lap  joints  equally  distiibutsd  in  tb«  fonr  coraen  of 
the  con,  thereby  giving  a  magnetic  circuit  a  tow  reluctance. 


transformer  has  been  introduced  which  can  be  considered 
either  as  two  superposed  shell  ■transfonners  with  coils  in 
common,  or  as  a  single  core  type  transformer  with  divided 
magnetic  circuit  and  havit^  coils  on  only  one  leg. 
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It  is  best  considered  however,  as  a  distributed  core  type  transformer, 
and  for  small  sizes  it  possesses  most  of  the  advantages  of  both  types.  It 
can  be  constructed  at  less  cost  than  can  either  a  core  or  a  shell  transformer 
having  the  same  operating  characteristics  and  temperature  limits. 

Single  and  Polyphase  Transformers. — ^A  single  phase 
transformer  may  be  defined  as  erne  having  only  one  set  of  primary 
and  secondary  terminals,  and  in  which  the  fluxes  in  the  one  or  more 
magnetic  circuits  are  all  in  phase,  as  distinguished  from  a  poly- 
phase transformer,  or  combination  in  one  unit  of  several  one 
phase  transformers  with  separate  electric  circuits  but  having  cer- 
tain m^netic  circuits  in  c 


coreB.hajashoiter 


is  loaded.     The  ghell  tffpe,  fig-  6.507,  conaista  pragtically  of .. 

oneuiiit.  The  fliuc  paths  ara1ier0Bepais.tft.  each  pair  of  CDJls  being  threaded  by  itaowauuK, 
which  does  not.  aa  in  the  core  type,  return  throuEh  the  other  coila.  This  ^va  the  ahell  type 
so  advanlago  over  the  core  type,  for  ahould  cme  phaaa  bum  out,  the  other  two  may  >tili  Ew 
used,  eipecially  if  the  faulty  coili  be  thoit  circuited.  The  effect  of  such  short  circuitinc  ii 
to  pieveot  all  but  a  very  small  Sui  tbreadiog  the  faulty  coil. 
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Polyphase  current  may  be  transformed  either  by  a  p^phase  transformer 
or  by  using  a  single  phase  transformer  for  each  phase.  TTie  polsTjliase  trans, 
former  is  however  preferable,  because  less  iron  is  required  than  would  be 


Cooling  of  Transformers. — There  are  various  methods  of 
cooling  transformers ,  the  cooling  mediums  being 
1.  Air.     2.  Oil.     3.  Water. 

The  means  adopted  for  getting  rid  of  the  heat  which  is  inevitably 
developed  in  a  transformer  by  the  waste  energy  is  one  of  the  important 
considerations  with  respect  to  its  design. 

AirCkKtled  Transformers. 

—In  this  type  of  transformer 
here  are  two  methods  of  dr- 
nilating  the  air  as  by,  I,  natu- 
ral draught,  and  2,  forced 
Iraught  or  blast.  As  designed 
or  natural  draught,  the  case 
^ntaining  the  windings  is  open 
it  the  top  and  bottom.  The 
:olumn  of  air  in  the  case  ex- 
mnds  as  its  temperattve  rises, 
jecoming  lighter  than  the  cold 
lir  on  the  outside  and  is  conse- 
juently  displaced  by  the  latter, 
resulting  in  a  circulation 
DARY      -     .     -^  ,     .. 

^ALS  oi  a'l"  through  the  case. 
The  process  is  identical 
with  fiuTiace  draught. 


L 


Pig.  6,508.— Forccdd 

aught  or  "air  blast"  transfonn 

er.  A;U  tndlcal«l  by  the  ch™£«ti™. 

this  type  of  tranatun 

niiia  cooled,  by  f  oreing  a  curte 

tha  cofli  end  betwe 

e  core.    The  cold  air  is  forced  through 

the  intetior  of  the  c? 

nighthetop.  The Bmount of ai 

passing  vertically  by  a  blower,  through 

pertoWliw.losajs 

^f^  Awf  100 1  ™f  t.'o^air  perniinute 
which  am  not  designed  to  operate  above 
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filll  t^t'^.  In  forced  draught 
transformers  the  case 
is  closed  at  the  bottom 

iand  open  at  the  top. 
A  current  of  air  is 
forced  through  from 
bottom  to  top  as 
shown  in  fig.  6,508  by 
•  a  fan. 

1 

I  For  air  cooling,  the 

j  coils  are  built  up  high 

and  tiun  and  asiembled 

I  with    spaces    between. 

I  them  for  the  circulation 

of  the  air.  In  forced 
draught  transfonners 
the  air  pressure  required 
ia  from  one-half  to  one 
ounce  per  sq,  in.  The 
larger  transformers  re* 
quire  greater  pressure 
to  overcome  the  resist- 
ance of  larger  air  ducts. 
Ordinarily  150  cu.  ft. 
of  air  per  minute  ia  used 
per  ka.  of  load. 

Oil  Cooled  Trans- 
formers. —  In   this 

type  of  transformer 
the  coils  and  core  are 
immersed  in  oil  and 
provided  with  ducts 
to  allow  the  oil  to  cir- 
culate by  convection 
g-  i  and  thus  serve  as  a 
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medium  to  transmit  the  heat  to  the  case,  from  which  it  passes 
by  radiation. 

Oil  cooling  is  used  especially  for  lighting  transformers. 

In  such  transformers,  the  large  volume  of  oil  absorbs  considerable  heat 
so  that  the  rise  of  temperature  is  retarded.  Hence,  for  moderate  periods 
of  operation,  say  3  or  4  hours,  the  average  lighting  period,  the  maximum 
temperattu'e  would  not  be  reached. 

The  oil,  besides  being  a  cooling  agent,  is  a  good  insulator,  preserves  the 
insulation  from  oxidation ,  increasing  the  oreakdown  resistance  of  the  instda- 
tion,  and  generally  restores  the  insulation  in  case  of  puncture.  A  special 
objection  to  oil,  however,  is  danger  of  a  central  station  fire  being  aug- 
mented by  the  presence  of  the  oil.  Due  to  the  high  flash  point  of  trans- 
former oil,  this  fUfords  but  Httlc  extra  hazard. 

Good  transformer  oil  should  not  contain  moisture,  acid,  alkali, 
or  sulphur  compotmds.  It  should  have  low  viscosity  and 
should  not  decompose  or  throw  down  sludge  under  operating 
conditions. 

The  presence  of  moisture  can  be  detected  by  thrasting  a  red  hot  nail 
in  the  oil;  if  the  oil  "crackle,"  water  is  present.  Moisture  may  be  removed 
by  raising  the  temperature  slightly  above  the  boiling  point,  212"  Pahr., 
but  the  time  consumed  (several  days)  is  excessive. 

Water  Cooled  Transformers. — ^A  water  cooled  transformer 
is  one  in  which  water  is  the  cooling  agent,  and,  in  most  cases, 
oil  is  the  medium  by  which  heat  is  transferred  from  the  coils  to 
the  water.  In  construction,  pipes  or  a  jacketed  casing  is  pro- 
vided through  which  the  cooUng  water  is  passed  by  forced  cir- 
culation, as  shown  in  figs.  6,509  and  6,510. 

The  surface  of  the  cooling  coil  should  be  from  .5  to  1 .3  sq.  in.  per  watt  of 
total  transformer  loss,  depending  upon  the  amoimt  of  heat  which  the  exter- 
nal surface  of  the  transformer  case  will  dissipate. 

For  a  water  temperature  rise  of  43  **  Pahr. ,  1 .32  lbs.  of  water  per  minute  is 
required  per  kw.  of  load . 

Transformer  Insulation. — ^Transformers  are  provided  with 
major  and  minor  insulation.  The  major  insulation  is  placed 
between  the  core  and  secondary  (low  pressure)  coils,  and  between 
the  primary  and  secondary  coils. 
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Piss.  6.G11  to  6.514. — Qeoenl  E1«tric  Coil  SCructura.    yuious  coil 
developed 


oped  to  meet  the  purtkuju  requircBienta  of  daigns  depending  uDoa  unit-iizc  imd 
^  nitiiis.    la  the  lusei  Eiies.ciiculu'  coils  of  dlher  disc  or  cylindrical  shape  are  used  on 

^nt  of  their  anatly  lupeiior  mechanical  qualities,  and  thefadlitwa  thejr  give  for  ilEld 

necbuucal  suppcat.  la  tiamforroen  onng  fonn  wound  coils,  the  intulation  between  tbs 
high  voltage  ud  low  voltage  winding!,  and  between  the  high  voltaga  winding  and  core, 
depends  npon  the  voltage  and  type  of  winding.  For  tramtacmeiB  uiina  disc  voltage  taii 
cylindricallow  voltage  coils,  the  insolation  between  the  high  voKaae  and  low  voltage  wind' 
ings  is  composed  of  <»1  ducti  and  a  cylinder  of  "S73  compound"  irtuch,  in  addition  to  iti 
high  insulating  pioperties.  possesses  gnat  mecbinicsil  Miength.  The  mmlatioa  between 
the  high  voltage  winding  and  the  core  consisli  of  apeciallr  treated  fiber  banien  and  oU  duets. 
Por  tnnsfoRuers  using  disc  high  voltage  and  disc  low  voltage  coils  assembled  inteileaved. 
the  insulation  between  the  -ugh  voltage  and  the  low  voltage  winding*  is  composed  of  fiber 
banierm  and  oil  ducts  the  number  of  barriers  and  dimensions  of  the  ducts  varyingwith  ' ' 

voltaee-    The  insulatJf"  "^ "■-  *•■-••  — '*■ " •*  '■'• ' -*  -' 

ducts  and  a  cyHndei  of 


Lwccn  the  high  voltsli^  winding  and  the  core  is  composed  of  oik 
compound.      As  sections  of  the  low  voltsge  windings  are  pli^-id 
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It  consists  usually  of  mica  tubes,  sometimes  applied  as  sheets  held  in 
,    place  by  the  windings,  when  no  ventilating  ducts  are  provided,  or  moulded 
to  correct  form  and  held  between  sheets  of  tough  insulating   material 
where  ducts  are  provided  for  air  or  oil  circulation. 

The  minor  insulation  is  the  instilation  placed  between  adjacent 
turns  of  the  coils. 


ra  gad.    ^pnigpcg 
the  neceuity  of  fife  proof  insuUtioD  in  amaUer  wsea  in  Ofder  to  inairfQ  protection 

.-  sr  voltage  cifcuit-  in  caw  of  tnim  out  iroia  abnormal  oWTBting  condltionB.    A 

Bimilai  mica  pod  is  used  between  ends  of  the  high  voltage  coila  and  com.    In  these  tniu- 
fonnen,  tbenfon,  tbe  hich  voltage  wi 


Pros.  e.SlI  to 


at  both  end!  of  tlie  con  attached  nert  to  the  core,  the  ends  of  the  hteli  voltage  winding  are  wfII 

an  core  wound  transformed  is  made  up  from  a  BpccLilly  treated  fiber  which  poEsessa  Buitabk   ' 
insulating  properties  and  is  not  injured  by  the  mechaaical  atress  incident  to  the  winding 
procets.    In  the  interleaved  disc  type  of  winding  (fia.  fl.511)  toth  high  and  low  voltage  ml) 
are  wound  in  the  form  of  di^cs  a£H;mbled  with  the  nigh  voLtage  and  low  voltacn  coils  inter-    ' 
■leaved.    These  coils  are  wound  on  a  form  and  assembled  over  a  cylinder  of  "fi^  copipound" 
this  cylinder  furnishing  the  foundation  for  the  winding.    This  is  later  asembled  over  the   I 
core  and  also  serves  as  an  insulation  between  the  windinsB  and  the  core.    The  coils  are  aeii-    I 
abated  from  each  other  by  means  of  specially  treated  fiber  spacers,  fumishinggenerousoil 
ducts  between  coils  for  cooling  purposes.    Between  high  and  low  voltage  windings  and  where 
required  between  ctnls  of  either  winding,  one  or  mire  fiber  collaia  are  mserted  with  oil  duels 
bnwoen.    In  tba  dilc-cylinder  type  of  winding  (fig.  fi,G12)  the  low  voltage  coils  are  cylindri> 
cat  in  (hope  and  ai«  wound  on  a  cylinder  of    573  compound."    The  high  voltage  coils  are 
diic  coili  assembled  over  another  cylinder  of  the  same  material  which  is  in  turn  assemUed 
orer  the  low  voltag*  winding  with  an  oil  duct  between  the  low  voltage  winding  and  the 
outer  cylinder.    In  the  cylindrical  con^tructbn  both  high  and  low  voltage  coils  are  cylinders 
wound  on  fomit  and  ammbled  concentrically  with  generous  oil  ducts  between  coHt.  ' 
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Si.Tce  the  difference  of 
■  pressure  is  small  between 
thea.'.pcent  turns,  the  insu- 
lation r.rsd  not  be  very 
thick,  ll  usually  consists  of 
a  double  thickness  of  cotton, 
wrapped  around  each  con- 
ductor. For  round  con- 
ductors, the  ordinary  double 
covered  magnet  wire  is  satis- 
factory. 

Mica  is  the  most  effi- 
cient  insulating  material. 

It  has  a  high  dielectric 
strength,  is  fire  proof,  and  is 
the  most  desirable  insulator 
where  there  are  no   sharp 


foretd  thmugh „,^. 

paper.    Tbg  ^complete  equipi 

diyrag  oven  for  thoroughly 


iral  layers  of  drv  blotting 
moil  pump,  electric 


ful  insulation  not 
only  between  the 
coils,  but  also  be- 
tween the  coils  and 
the  core.  In  the 
case  of  high  voltage 
transformers,   any 

Pig.   e.517.— Curve  show- 
in  dielectric  Btrength  pro- 


Oil  Insulated  lYans- 
formers. — High  voltage 
transformers  are  insulated 
with  oil,  as  it  is  very  im- 
portant to  maintain  care- 


0315 


J                       -  --- 

^ 

1 

WATER   PARTS  iM  100,000  B-<  VOLUME 


J 


3,508  - 148  TRANSFORMERS 


accidental  static  discharge,  such  as  that  due  to  lighting,  which 
might  destroy  one  of  the  air  insulated  type,  might  be  success- 
fully withstood  by  one  insulated  with  oil,  for  if  the  oil  insulation 
be  damaged  it  will  mend  itself  at  once. 

By  providing  good  circulation  io€  the  oil,  the  transformer  can  get  rid 
of  the  heat  produced  in  it  readily  and  operate  at  a  low  temperature,  which 
not  only  increases  its  life  but  cuts  down  the  electric  resistance  of  the  copper 
conductors  and  therefore  the  I'R  loss. 

Auto-transformers. — In  this  class  of  transformer,  there  is 
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Fig.  6,518.—- Diagram  illustratiag  oooaections  and    principles  of  auto-traasfonnen  as  ex- 
plained in  the  accompanying  text. 

only  one  winding  which  serves,  for  both  primary  and  secondary. 
On  account  of  its  simplicity  it  is  made  cheaply, 

Auto-transformers  are  used  where  the  ratio  of  transformation  is  small, 
as  a  considerable  saving  in  copper  and  iron  can  be  effected,  and  the  whole 
transformer  reduced  in  size  as  compared  with  one  having  separate  windings. 

Fig.  6,518  illustrates  the  electrical  connections  and  the  relations  between 
the  volts  and  number  of  turns. 

By  using  the  end  wire  and  tapping  in  on  turn  No.  20  a  current  at  20 
volts  pressure  is  readily  obtained  whidi  may  be  used  for  starting  up  motors 

requiring  a  large  starting  current  and  yet  not  draw  heavily  on  the  line. 
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Cionstant  Current  Transformers  for  Series  Lighting. — 

The  principle  of  the  constant  current  transformer  as  used  for 
series  lighting  is  readily  understood  by  reference  to  the  elemen- 
tary diagram  shown  in  fig.  6,521. 

In  this  system  the  alternator  and  regulating  transformer 
supply  a  constant  current  and  variable  voltage. 

Constant  current  incandescent  lighting  systems  for  use  in 
small  towns  also  use  this  method  for  automatically  regulating 
the    current. 
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Pigs.  6,619  and  6.520. — ^Two  winding  tratisfonner  and  single  winding  or  auto-transformer. 
Fig.  6,519  shows  a  200:100  volt  transformer  having  a  10  amp.  primary  and  a  20  amp.  secon- 
dary, the  currents  being  in  opposing  directions.  If  these  currents  bb  superposed  by  using 
one  winding  only,  t^  auto  transformer  shown  in  fig.  6,520  is  obtained  where  the  winding 
carries  10  amp.  only  and  req:uires  only  one-half  the  copper  (assummg  the  same  mean  lengtE 
of  turn).    If  R,  be  the  ratio  of  an  auto-transformer,  the  relative  size  of  it  compared  with  a 

txaasfcmner  of  the  same  ratio  and  output  is  as — ^^ —  :1.  For  inatanee:  a  10  kw.  trans- 
former of  400  volts  primary  and  300  volts  secondary  could  be  replaced  by  an  auto-transformer 
1.33—1 


of  lOX 


1.38 


"■  2.5  kw,\  or,  in  other  words,  the  amount  of  material  used  in  a  2H  k^- 


transformer  could  be  used  to  wind  an  auto  transformer  of  400  :300  ratio  and  10  kw.  output. 


Since  the  primary  is  connected  directly  to  the  secondary  it  would  be 
dangerous  to  use  an  auto-transformer  on  high  pressure  circuits.  This 
type  of  transformer  has  only  a  limited  use,  usually  as  compensator  for 
motor  starting  boxes. 
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Pig.  8,S22.— M«hanism  ot  Centra!  Electric 

100arelBmp»ete.8l<j7.5Bmpei«.    Thotr 
on  60  or  125  cycles.    The  relative  positions  i 


cooled  constant  current  trBnaformer.     /* 
npanylng  tent  &nd  a  built  to  supply  3j  to 

ifl  two  coib  may  be  changed  in  order  to  ree- 
by  shifting  the  position  of  the  arc  carryin  i 
tnc  auiuatiDK  screw  on  it.  A  dash  pot  filled  with  special 
of  the  secondary  coil  and  Iceepa  the  current  through  the 
y  ate  being  cut  m  or  out  of  the  drcuit.    In  itartiiig  i:p  & 
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Regulation. — This  term  applies  to  the  means  adopted  either 
to  obtain  constancy  of  pressure  or  current.  In  the  transformer, 
regulation  is  inherent,  that  is,  the  apparatus  automatically 
effects  its  own  regulation.  The  regulation  of  a  transformer 
means,  the  change  of  voltage  due  to  change  of  load  on  the  secondary; 
it  may  be  defined  more  precisely  as:  the  percentage  increase  in 
the  secondary  voltage  as  the  load  is  decreased  from  its  normal  value 
to  zero.  Thus,  observation  should  be  made  of  the  secondary 
voltage,  at  full  load  and  at  no  load,  the  primary  pressure  being 
held  constant  at  the  normal  value. 
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Fig.  6,523. — ^Diagram  of  cdnnections  for  regulation  test.  Connect  transformer  under  test  to 
high  tension  supply  circuit.  A  second  transformer  with,  same  or  other  known  change  ratio 
is  also  to  be  connected  up,  as  illustrated.  By  means  of  a  double  pole  double  throw  switch, 
the  voltmeter  can  be  made  to  read  the  pressure  on  the  secondary  of  either  transformer. 
Supi>osing  the  same  change  ratio,  it  is  evident  that  if  both  remain  unloaded  the  voltmeter 
wiu  indicate  the  same  pressure.  A  gradually  increasing  lamp  load  up  to  the  limit  of  the 
transformer  capacity^  will  be  attended  by  a  drop  in  pressure  at  the  terminals.^  This  drop 
can  be  read  as  the  difference  of  the  voltmeter  indications,  and  when  expressed  in  per  cent, 
of  secondary  voltage  stands  for  "regulation."^  Remarks:  The  auxiliary  transformer  is 
necessary  in  order  to  make  sure  of  the  high  tension  line  voltage.  A  large  transformer  under 
test  may  cause  primary  drop  ii^  taking  power. ,  This  must  be  set  down  against  it  in  testing 
regulation.    The  secoiul  transformer  gives  notice  of  such  drop,  whatever  be  the  cause. 


Fig.  6,522. — Text  Continued 

.  .  constant  current  transfopner,  it  is  necessary  to  separate  the  two  coils  as  far  as  possible  and 
then  close  the  primary  circuit  switch  and  auow  the  two  coils  to  come  together.  If  ^  the  pri- 
mary circuit  be  thrown  directly  on  the  alternator,  the  heavy.rush of  current  which  will  follow 
due  to  the  two  coils  being  too  close  together  might  injure' the  lamps. 
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The  regulation  is  said  to  be  "good"  or  "close,"  when  this  change  is 
small.  In  the  design  of  a  transformer,  good  regulation  and  low  iron  losses 
are  in  opposition  to  one  another  when  the  best  results  are  desired  in  both. 
A  well  designed  transformer,  however,  should  give  good  results,  both  as  to 
regulation  and  iron  losses,  the  relative  value  depending  upon  the  class  of 
work  it  has  to  do,  and  size. 

For  100%  or  tuiity  power  factor  per  cent  regulation  =  %  C  R  volts 

-H^  +  -et} 

in  which  I  ^amperes,  R,  ohms,  E,  volts,  and  p  and  s,  primary  and  secondary. 

Transf oitner  Losses.— The  commercial  transfotmer  is  not  a 
perfect  converter  of  energy,  that  is,  the  inputs  or  watts  applied 
to  the  primary  circuit  is  always  more  than  the  output  or  watts 
delivered  from  the  secondary  winding. 

This  is  due  to  the  various  losses  which  take  place,  and  the 
difference  between  the  input  and  output  is  equal  to  the  sum  of 
these  losses  which  are : 

1.  The  iron  or  core  loss 

Due  to  a,  hjrsteresis;  b,  eddy  currents;  c,  magnetic  leakage  (ni^Hgibly 
small). 

2.  The  copper  losses 

Due  to  fl,  heating  the  conductors  (the  I*R  loss);  b,  eddy  currents  in 
conductors. 

Hysteresis. — In  transformer  operation  the  rapid  reversal  of 
magnetism  in  the  core  requires  an  expenditure  of  energy  which 
is  converted  into  heat. 

Tliis  loss  of  energy  is  due  to  the  work  required  to  change  the 
position  of  the  molecules  of  the  iron  in  reversing  the  magnetiza- 
tion. Extra  power  then  must  be  taken  from  the  line  to  make  up 
for  this  loss,  thus  reducing  the  efficiency  of  the  transformer. 
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The  hysteresis  loss  depends  upon  the  quality  of  the  iron  in  the  core,  the 
magnetic  density  at  which  it  is  worked  ajid  the  frequency. 

To  obtain  minimum  hysteresis  loss  the  softest  iron  is  used  for  the  core 
and  a  low  degree  of  magnetization  is  employed. 

Eddy  Currents. — These  currents  are  produced  in  the  trans- 
former core  similarly  as  in  a  generator  core  and  are  reduced  to  a 
minimtmi  by  the  usual  method  of  lamination.  The  thickness  of 
the  laminse  depend  upon  the  frequency,  being  about  from  ,014 
to  .025  in,  according  as  the  frequency  is  respectively  high  or  low. 

When  the  secondary  of  a  transformer  is  open ,  a  no  load  current  passes 


10.  8.524,— Mtthod 

of  detenni 

1  lose.  Conn 

:t  and  watti 

HhBlowte 

nBionsideofthetnm 

itonner.   By 

mean,  of  a- 

.he  applied 

to  thfl  point 

for  which  tl 

He  transfom: 

iraloHtwhit 

indfm^enc 

e^^'^C^J??'"'"" 

>n*i  1,  \ 

lalffi  sure  of  the  voltage. 

factuiors-  UbuUMd  BtatEmenI 

.%  refer  t 

o  a  definil* 

voliigeand 

a  decided  influcme 

in  lou. 

2,  The  high 

through  the  primary;  the  enerey  thus  supplied  balances  the  core  losses. 
TTie  iron  losses  may  be  reduced  to  a  minimum  by  having  short  magnetic 
paths  of  large  area  and  using  iron  or  steel  of  high  permeability.  The 
design  and  constructioa  must  keep  the  eddy  currents  as  low  as  possible. 

Copper  Losses. — Since  the  primary  and  secondary  windings 
of  a  transformer  have  resistance,  some  of  the  energy  supplied 
will  be  lost  by  heating  the  copper.  The  amount  of  this  loss  is 
proportional  to  square  of  the  current,  and  is  usually  spoken  of 
as  rtie  I^  loss.    The  copper  losses  are  the  sum  of  the  I*R  losses 
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oi  both  the  primary  and  secondary  windings,  and  the  eddy 
current  loss  in  the  conductors. 

The  eddy  current  loss  is  very  small,  and  may  be  disregarded,  so  that  the 
sum  of  the  PR  losses  of  primary  and  secondary  can  be  taken  as  the  total 
copper  loss  for  practical  purposes. 

Efficiency  of  Transformers. — ^The  efficiency  of  transformers 
is  the  ratio  of.  the  electric  power  delivered  at  the  secondary  terminals 
to  the  electric  power  absorbed  at  the  primary  terminals. 

Accordingly,  the  output  must  equal  the  input  minus  the 
losses.    If  the  iron  and  copper  losses  at  a  given  load  be  known, 
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Pig.  6,525. — Method  of  determining  copper  loss.  Connect  ammeter  and  wattmeter  to  high 
tension  side  of  transformer  short  circtut  secondary  leads,  as  shown  in  illustration,  and  by 
means  of  a  variable  voltage,  adjtist  current  to  the  full  load  value  for  which  the  transformer 
is  intended.  The  wattmeter  reading  shows  the  cojmer  loss  at  full  load.  The  full  load  prim- 
ary current  of  any  transformer  is  found  from  the  following  equation 

full  l(Md  current  »  full  load  watts  4-  primary  volts 

Example. — ^To  find  proper  full  load  current  on  a  five  kt^r.  2,200  volt  transformer,  divide 
5,000  watts  by  2,200  volts,  the  full  load  current  will  then  be  2.27  amperes.  A  slight  varia- 
tion in  primary  current  greatly  increases  or  decreases  the  copper  loss. 

Jtemnrits.^-Copper  loss  increases  with  temi>erature  because  the  resistance  of  the  metal 
rises.  Do  not  overload  the  current  coil  of  the  wattmeter.  For  greater  accuracy  the  I'R  drop 
of  potential  method  should  be  used. 

their  values  and  consequently  the  eflSciency  at  other  loads  may 
l)e  readily  calculated. 


Example. — If  a  10  kilowatt  constant  pressure  transformer  at  full  load 
and  temperature  have  a  copper  loss  of  .16  kilowatt,  or  1.6  per  cent.,  and 


TRANSFORMERS 


155-3,515 


e  iron  loss  be  the  k 
efficiency  —  — : — ■ 


Pics.  e,S3S  to  S.530.  — Wcstinghouse  low  tenuon  tnncfornur  connKton  for  coonectinE  ths 
lo«  Icnsioa  leads  to  the  feeder  vins.  The  tnnsforaienf  of  the  snuiUer  capsdtiei  haveknuc- 
and  tho&e  of  the  larger  w^ea  have  iaterleaved  connectors.    These 


„,  -U  d(  a  traotf on 

lecondary  to  oblain  a  diflerent  voluge.    Pig.  8,833  al 
8  aay  100  volts;  fig.  6,631  ahows  the  tr 
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At  three-quarters  load  the  output  will  be  7.5  kilowatts;  and  as  the  iron  loss 
is  practically  constant  at  all  loads  and  the  copper  loss  is  proportional  to 
the  square  of  l^e  load,  the 

eflidency  =    .   ^  ^    =  ^  g    , — 7^— ^ — tt;^  X  100  «  96.8  per  cent. 
•^         input       7.0  4-  .16  +.,09  ^ 

The  copper  loss  is  measured  by  placing  a  wattmeter  in  circuit  with  the 
primary  when  the  secondary  is  short  circuited,  and  when  enough  pressure 
is  apphed  to  cause  full  load  current  to  flow. 

If  it  be  desired  to  separate  the  load  losses  from  the  true  I'R  loss,  the 
resistances  can  be  measured,  and  the  I^R  loss  calculated  and  subtracted 
from  the  wattmeter  reading.    The  losses  being  known,  the  efficiency  at 
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f                         SECONDARY  f  MAIN 

Tig.  6,535. — Diagram  showing  unlike  single  phase  transformers  in  parallel. 

Fig.  6,536. — Three  wire  connections  for  transformer  having  two  secondary  sections  on  different 
legs  of  the  core.  If  the  secondary  terminals  be  connected  up  to  a  tluree  wire  distribution, 
as  here  shown  diagranunatically,  it  is  advisable  to  make  the  fuse,  2,  in  the  middle  wire,  con- 
siderably smaller  than  necessary  to  pass  the  normal, load  in  either  side  of  the  circuit,  be- 
cause, should  the  fuse,  1,  be  blown,  the  secondary  circuit  through  the  section,  Sa,  will  be 
oi>en,  and  the  corresponding  half  of  the  primary  winding.  Pa,  wiU  nave  a  much  higher  impe* 
dance  than  the  half  of  the  primary  winding,  Pb,  the  inductance  of  which  is  so  nearly  neuteal- 
ized  by  the  load  on  the  secondary  winding,  Sb.  The  result  will  be  that  the  voltage  of  the 
jxrimary  section,  Pa.  wiU  be  very  much  greater  than  that  of  the  section,  Pb,  and  as  the  sec- 
tions are  in  series  the  current  must  be  the  same  through  both  halves  of  the  winding;  the 
drop  or  difference  of  pressure,  therefore,  between  the  terminals  of  Pa  will  be  much  higher 
than  that  between  the  terminals  of  Pb,  conse^ently,  the  secondary  voltage  <>f  Sb  will  be 
greatly  lowered  and  the  service  impaired.  As  the  primary  winding,  Pa,  is  designed  to  take 
only  one- half  of  the  total  voltage,  the  unbalancing  referred  to  wilTsubjedb  it  to  a  consider- 
ably higher  pressure  than  the  normal  value;  consequently,  the  magnetic  density  in  that 
U^  of  the  transformer  core  will  be  much  higher  than  normal,  and  the  transformer  will  heat 
disastrously.  If  the  fuse .  2,  in  the  middle  wire  be  made,  say,  one-half  the  capacity  of  each 
of  the  other  fuses,  this  condition  will  be  relieved  by  the  blowing  of  this  fuse., and  as  the 
lamps  in  the  live  circuit  would  not  be  anywhere  near  candle  power  if  the  circuit  remained 
intact,  the  blowing  of  the  middle  fuse  will  not  be  any  disadvantage  to  the  user  of  the  lamps. 
Some  makers  avoid  the  contingency  just  described  by  dividing  each  secondary  coil  into  two 
sections  and  connecting  a  section  on  one  leg  in  series  with  a  section  on  the  other  leg  of  the 
•core,  so  t^t  current  applied  to  either  pair  of  the  secondary  terminals  will  circulate  about 
tboth  legs  of  the  core 
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any  load  is  readfly  found  by  taking  the  core  loss  as  constant  and  the  copper 
loss  as  varying  proportionally  to  the  square  of  the  load. " 


AH  Day  Effld^ic?  of  Transformers.— This  denotes  the  ratio 


i 


Fic,  S^7. — Sin^  ptiau  transContur  connection  with  eoiutoftl  pie»ure  main. 
Tia.  a.S3S, — Un*l  method  of  tingla  ph»e  ttunformer  connections  for  nudcnce  lightlBa  •riih 
threo  win  Kcondarin.    A  batkncing  tnuComur  a  comKcted  to  the  thtee  wire  circuit 


ir  tba  cenla'  of  d^tiibution  u  shown. 
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Pig.  6,547.— Method  of  comparing  instantaneous  polarities.  Two  of  the  terminals  are  con- 
nected as  shown  by  a  small  strip  of  fuse  wire,  and  then  touching  the  other  two  tenninals 
together.  If  the  fuse  blow,  then  the  connections  must  be  reversed;  if  it  do  not.  then  they 
may  be  made  permanent. 

Pic.  6.548. — Diagram  of  static  booster  or  regulating  transformer.  It  is  tised  for  regulating  the 
pressure  on  feeders.  In  the  figure,  B,  are  the  station  bus  bars.  R,  the  regulable  transformer, 
P,  the  two  wire  feeders,  andT,  a  distant  transformer  feeding  into  the  low  pressure  three 
wire  distnbutmg  network  N .  The  fwo  ends  of  the  primary,  and  one  end  of  the  secondary  of 
R.  are  connected  to  the  bus  bars  as  shown.  The  other  end  of  the  secondary,  aS  well  as  a 
number  of  intermediate  points,  are  joined  up  to  a  multiple  way  switch  S,  to  which  one  of 
the  feeder  conductors  is  attached,  the  other  feeder  main  being  connected  to  the  opposite 
bus  bar.  As  will  be  evident  from  the  figure,  by  manipulatingS  extra  volts  may  be  added 
to  the  bus  bar  pressure  at  will,  and  the  drop  along  P.  oonpensated  for.  R,  is  a  step  trans- 
former for  the  total  secondary  difference  of  pressure  being  comparatively  small.  The  above 
device  possesses  rather  serious  drawbacks,  m  that  the  switch  5.  has  to  carrythe  main  cur- 
rent, and  that  the  supply  would  be  stopped  if  the  switch  got  out  of  order.  iCapp  improved 
on  the  arrangement  by  putting  the  switch  in  the  primary  circuit. 
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Pig.  6,540. — ^Two  phase  transformer  connecfions.  Two  single  phase  transformers  Utt  tiaed 
and  connections  made  jtist  as  though  each  phase  were  an  ordinary  single  phase  system. 

Pig.  6,550. — ^Two  phase  transformer  connections,  with  secondaries  arranged  for  three  wire 
distribution,  the  primaries  being  independently  connected  to  the  two  phases.  In  the  three 
wire  circuit,  the  middle  or  neutral  wire  is  made  about  one-half  larger  than  each  of  the  two 
outer  wires.  In  fi^.  6,549  it  makes  no  difference  which  secondary  terminal  of  a  transformer 
is  connected  to  a  given  secondary  wire,  so  long  as  no  transformers  are  used  in  parallel.  Por 
example,  referring  to  the  diagram,  the  left  hand  secondary  terminal  of  transformer  A, 
coula  just  as  well  be  connected  to  the  lower  ■  wire  of  the  secondarv  phase  A,  and  its  right 
hand  terminal  connected  to  the  upper  wire,  the  only  requirement  oeing  that  the  two  pairs 
of  mains  shall  not  be  "mixed."  In  the  case  shown  by.f&g.  6,550,  there  is  not  quite  so  much 
freedom  in  making  connections.  One  secondary  terminal  of  each  transformer  must  be 
connected  to  one  of  the  outer  wires  and  the  other  two  tenninals  must  be  both  connected  to 
the  larger  middle- wire  of  the  secondary  system.  It  makes  no  difference,  however,  which 
two  secondary  terminals  be  joined  and  connected  to'  the  middle  wire  so  long  as  the  other 
terminal  of  each  transformer  is  connected  to  an  outer  wire  of  the  seccmdary  system. 
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PRIMARY  CIRCUIT 


,  A,  B  and  fc.    Fig.  

fashion,  corpE&pondins  to  lis.  6.555,  ar 
corresponding  ta  fig.  0,557.    In  both  of 


(.  6.558  shows  thtm  connected  up  star  fashion, 
attar  slffitchcs  the  secondary  wires  are  lettered  to 
es.    When  the  primaries  are  connected  up  delta 
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of  the  total  watt  hour  output  of 
a  transformer  to  the  total  watt 
hour  input  taken  over  a  work- 
ing day.  To  compute  this  eflS- 
ciency  it  is  necessary  to  know 
the  load  cmTe  of  the  transformer 
for  a  day. 

Suppose  that  this  is  equivalent  to 
£  bours  aX  full  load,  and  19  hours  at 
noload.  Then,ifWtb«  the  core  loss 
in  watts,  Wi  the  copper  loss  at  rat«d 
load,  and  W  the  rat^  output, 

— Inatallfltion  of  a  transtoBBer  Output  =■  5  X  W, 

5le;  VM  ihpwing  metliDdpf  atuelp  losses      =  5  (W,  +  Wi)  +  19  Wi, 

A^^tS%^u'"^r^"^  input     -   5  CW   +  W.  +  W^ 

+  laWi, 

and  the  all  day  efficiency  is  equal  to 


coiuiary  leadSt  c 


la  weoDdny  tnuufonner  tenninals  *ad  circuit  wiies.  The  current,  however,  &>wias 
noufh  the  tmufonnsi'  winding  is  less  than  the  current  in  the  Une  wira  tot  the  reason 
lat  the  cumnt  from  any  one  Ime  win  divide!  between  the  windmgi  of  two  tnmformen. 
IT  Buraple.  in  figs.  6,555  and  S,5S6,  parL  of  the  current  from  the  line  wire  A,  will  Bov 
sm  A,  to  B.  throuah  the  left  hand  transfonncr,  and  part  from  A,  to  C,  thiougth  the  right 
111,4  fn^er^v^^^-  it  4-U-.  ».»^..»  :..  •!.-  lErtA  ™\tc  A,  be  100  amperes,  the  current  in  each 
When  transformers  aro  connected  up  rtar 

is  connected,  but  the  valtage  between  the  lerminall  of  each 
;r  cent,  of  the  voltage  from  wire  to  wire  on  the  circuit.  For 
from  A.  to  B.  tie  lAQO  volts,  the  voltageat  the  teminali  of 


1  J}.  pei.uwvoiis,  inevoiiaBeatMoicnnin] 
point)  ^  be  only  1(77.86  volts,  and  the  HI 


ch  ^  the  other  troosfonaen  it  tlie  system  be  biilanced.  Tboe  itatement*  apply. 
t^  both  primary  and  secondary  windings,  from  which  it  wOl  become  evident  that 
e  transformers  of  a  three  phase  circuit  be  connected  up  star  fashion  at  the  primanes. 
fashion  at  the  secondaries,  the  secondary  voltage  wiu  be  lower  than  if  bou  sides  be 
up  star  fashion,  ntr  maai^lm,  it  the  tran^innen  be  wound  for  a  ratio  of  10 
are  connected  iqi  with  both  primaries  Bud  secondatiei  aHke,  no  matter  whether 
I  fssbioa  or  star  fashion,  the  Kcondaty  voltagn  will  be  one-tentii  of  the  primary 
ries  be  connected  up  star  fashion  on  a  l.OOO  vioh  circuit,  and  the 
up  delta  tashioo,  the  secondary  voltage  wilt  be  only  ST.73S  volts. 


instead  of  100  volts.     The  ei. 

m  IS  that  In  the  former  each  winding  &  connected  di- 

.■n+h.Msr.nt«n  »—> -^■""■"- sw  iu  setios  botween 

«  one-half,  bgwevei, 

rrt;  consequently,  instead  <^  tiaving  flOO  volts  at  the  te^ 
voltage  is  a77.3S.    The  same  enilanation  uelies  to  the  cu ^ 

The  current  phase  between  A  and  B,  in  fig.  0,5S6,  is  120°  removed  from  ^t  in  the  wind- 
I — 1_. 1  __j  ^ .L.   .1 »..._. '«,  in  the  wire  A,  is  1.732 


.    ...    ...  ;  or,  to  state  It  the  cpposite  way,  the  CI 

is  S7.73S  per  cent  of  the  current  in  tlie  wire,  A.     It  will  be  well  for  the  re 

that  in  afl  cases  pressurea  differing  in  phase  when  connected  in  ierlet,  c , _. 

to  the  wen  known  law  of  the  panulelognun  of  forces;  carrenta  differfaig  ia  pbaie,  and 
aected  in  paisllel,  combine  according  to  the  same  law. 
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Iftl^  3,531 


5  W  X  100 

5  (W  +  Wi  +  W«)  +  19  Wi  P^  ^^  • 

Commercial  or  all  day  efficiency  is  a  most  important  point  in  a  good 
transformer.  The  principal  factor  in  secitring  a  high  all  day  efficiency  is  to 
keep  the  core  loss  as  low  as  possible. 

Transformer  Connections. — The  alternating  ctirrent  has 
the  advantage  over  direct  current,  in  the  ease  with  which  the 
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Fig.  6.560. — ^Diagram  showing  a  method  of  operating  a  three  phase  mvtor  on  a  two  phaie 
dicuit,  using  a  transformer  having  a  tap  made  in  the  middle  of  the  secondary  winding. 
flo  as  to  get  the  necessary  additioniu  phase.  While  this  does  not  give  a  true  balanced  three 
phase  secondary,  it  is  close  enough  for  motor  work.  In  the  above  arrangement,  the  main 
transformer  supplies  54  per  cent,  of  the  current  and  the  other  with  t  he  split  winding  46 
IMTcent. 

FxG.  6,561. — ^Three  phase  motor  transformer  connections;  the  *  '  6d  Delta  connected 
txansformers. 


pressure  and  current  can  be 
changed  by  different  connec- 
tions of  transformers. 

On    single    phase    circuits 
the  transformer  connections 

Fig.  6,562. — ^Diagram  of  transformer  connections  for  motors  on  the  monocjrdio  system. 
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Fig.  6,563. — Three  phase  motor  connections  using  two  transformers. 

Pig.  6,564. — ^Delta-star  connection  of  three  transformers  for  low  presstire,  three  phase,  four 
wire  system. 
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can  be  varied  to  change  current  arid  pressiire,  and  in  addition 
on  polyphase  circuits  the  phases  can  also  be  changed  to  almost 
any  fcjmi.  . 

Fig.  6,531  shows  a  transformer  with  each  winding  divided  into  two  sec- 
tions. Each  primary  section  is  wound  for  1 ,000  volts,  and  each  secondary 
section  for  50  volts.    By  connecting  the  entire  primary  winding  in  series, 
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Pigs.  6,665  to  6.572. — Ground  connections  to  secondaries  o£  tir^le  phaa^  transfoimets. 
'A,  two  wiie;  B,  three  wife;  C,  two  separate  110  volt  transformers  in  :^aratteU  the  seccnidafr 
grotind  is  attached  to  either  wire;  D,  two  windings,  two  wire;  E,  two  windings,  ttuee  wite;  F, 
four  wire;  G,  three  wire;  H,  three  wire  with  four  wire  primary. 
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the  transformer  may  be  supplied  from  a  2,000  volt  main,  as  indicated,  and 
if  the  secondary  winding  be  also  connected  all  in  series,  as  shown,  the  no 
load  voltage  will  be  100  between  the  secondary  terminals. 

The  sections  of  the  primary  winding  may  be  connected  in  parallel  to  a 
1 ,000  volt  main,  and  100  volts  obtained  from  the  secondary,  or  the  primary 
and  secondary  windings  may  be  ooimected  each  with  its  two  sections  in 
parallel,  and  transformations  made  from  1,000  to  50  volts  as  represented 
m  fig.  6,532. 

This  is  a  very  common  method  of  construction  for  small  transformers, 
which  are  provided  with  convenient  terminal  blocks  for  combining  the 
sections  of  each  winding  to  suit  the  requirements  of  the  case.  When  the  two 
sections  of  either  windmg  are  connected  in  parallel  as  shown  in  fig.  6,532, 
care  must  be  taken  to  connect  corresponding  ends  of  the  two  sections  together. 
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Figs.  6.573  to  6.076. — Groiwd  connection* 
to  secondaries  of  three  phaae  trans- 
formers. 
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Combining  Transformers. — ^Two  or  more  transformers 
built  to  operate  at  the  same  pressure  and  frequency  may  be  con- 
nected together  in  a  variety  of  ways;  in  fact,  the  primary  and 
secondary  termmals  may  each  be  considered  exactly  as  the 
terminals  of  direct  current  dynamos,  with  certain  ;-estrictionS;- 
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CHAPTER  103 

Converters 

There  are  many  instances  where  alternating  current  must  be 
changed  to  direct  or  vice  versa.  Transformation  from  a.c.  to 
d.c.  or  d.c.  to  a.c.  may  be  made  by  means  of: 

1,  Rotary  converters        »  3.  Mercury  vapor  rectifiers 

2.  Motor  generator  sets  4.  Electrolytic  rectifiers. 

Strictly  speaking,  a  converter  is  a  revolving  apparcUus  for  con- 
verting alternating  current  into  direct  current  or  vice  versa;  it  is 


ng  dynamo  aod  sllenulor  unuturd  illustra^ng  conva^ 

.,.   -_ted  by  the  dyxiAmo  is  assumed  to  be  lOOampercB.    Now, 

Buifyubc,  HUMmuiLuiv  similar  tdfiQ.  0,577  to  be  Kvolvio^  in  a  similar  field,  but  let  its  wind- 
mgfl  be  connected  at  tpro  diametrically  Dpimsit«  points  to  two  dip  rinaa  on  the  aud.  aa  in 
fig.  6.S7S.  Jf  driven  by  ponei.  it  will  eenerate  an  eltemating  current.  As  the  maximmn 
Toltaflfl  between  the  points  that  are  connected  to  the  slip  lines  ^ill  be  100  volts,  and  tbo 
virtuA  volts  (aa  mcssurtd  by  a  voltmeter)  between  the  rings  will  be  70.7   {— 100+S2), 

if  1^  power  applied  in  tumins  this  armature  is  to  bg  10  Idlowatts.  and  if  the  ^rcnit  be 

Inductive,  the  output  in  virtual  amperes  wiU  be  10,000-70.7 -Ul.i.  If  " 
of  each  of  tb«  armatures  be  negligibly  Bmsll.  and  if  there  be  no  frictional  or  otuer  loesei, 
llie  power  KiTen  out  by  the  armature  which  serves  as  motor  will  iu&t  BufEice  to  drive  £be 
■rmature  which  serves  as  aenerator.  If  both  armatures  be  mounted  on  the  same  shaft  aad 
placed  inequal  fields,  the  combination  is  a  motor  dj/namo.  In  actual  machines  tbs  various 
losses  are  met  by  an  increase  of  current  1o  the  motor.  Since  the  aimatures  are  identic*!, 
and  as  the  similarly  placed  windings  are  passed  through  identical  magnetic  fields,  one  wind* 
ing  with  proper  connections  to  the  slip  rings  and  tommutator  will  do  for  both.  la  tUi 
case  only  one  £e]d  is  needed;  such  a  machine  is  called  a  eonvrttt. 
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usually  called  a  rotary 
converter  and  Js  to  be 
distinguished  from  the 
other  methods  men- 
tioned above. 

Broadly,  however,  a 
converter  may  be  con- 
sidered as  any  species 
of  apparatus  for  chang- 
ing electrical  energy 
from  one  form  into  an- 
other. According  to  the 
standard ijiation  rules 
of  the  A.  I.E. E., 


Pig.  6,S3Z.  -Ocnenl  Electric  commuUtc^  of,  1.000  km. 

defined  as  follows: 


VerterS  are  classed  and       cammuUtlng   pole  ■ynchnmOui  canvcrtet  for  lightiDC 
urvice.  Cover  for  the  cooling  vanes  at  end  of  commuUtor 


Fic.  e.SS4.  -Detail  of  General 
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J6    5   4  1  £    I 


diametrical  tratufo] ^ _^ 

always  deagned  to  nm  clockwise-viewed 
frum  the  coUectorendand  the  phate 


phase  lynchrooouB 


mvertera.  Pigs.  6.587  and  6.SSS  foi 
secondary  phase  roution  in  3  phase 
iverter.  Synchronous  converten  are 
[jc  lUmmutator  end,  or  countet-dootwiio 
■3-&-4rb-6.  The  coUecIor  ringa  an  ouin- 
infig. 6.587.    The  phase  rr 


1  3  phase  and  6  phase  tiansfonn 
ree  single  phase  tranefoitnere.  1 
mbering  of  the  leads,  rather  than 


lich  shows  the  a 


df9T3 


r^t  _  _. n  forms  of  3  phase  transfonncn  may  have  a  difierent  mechanical 

B>..<wat  of  low  voltage  leads  Stoia  the  one  showo.    When  the  phase  rotation  of  the  high 

tendon  supply  ia  l^own.  this  dtagiani  may  be  followed  ia  maldng  the  primary  conOECticms: 
if  it  be  not  Known,  make  the  coanections  tenunrarily  in  the  most  convenient  manner  aod 
try  them  out.    la  either  case,  the  connectioiis  should  bo  tcit«4  tief ore  uiy  attempt  il  m»de 


CONVERTERS 


A  direct  current  conomrtmr 

converts  from  a  direct  current  to 
a  direct  current. 
A    -annchroiwut     converter 

(commonly  called  a  rofory  ctm- 
verter)  converts  from  an  alternat- 
ing current  to  a  direct  current, 

A  motor  eonrmrter  is  a  ccnu' 
bination  of  an  induction  motor 
with  a.  synchronous  converter, 
the  secondary  of  the  former  feed' 
in^  the  armature  of  the  latter 
with  current  at  some  frequency 
Other  than  the  impressed  fre- 
quency; thatis.itisasynchronous 
converter  in  combination  with  an 


Fio.  fliESl. — EfinaGier  connectinu  of  Westinghouss  rotaiy  converter.  The  umatun  coils 
an  enwt  eonmcted  at  ]poinU  of  equal  voluno  and  tapi  are  led  out  from  tile  wiodina  at  auit- 
■ble  pointi  to  the  (tip  nngt.    This  coDstniction  inauni  a  uBifinm  armslun  utuiatioa  below 

AFrefiuency  Ck>nverter  (preferably  called  a /r«iiieMc}'<Aai*£cr)  converts 
alternating  current  at  one  frequencjr  into  alternating;  current  ot  another 
frequency,  with  or  without  a  change  in  the  number  of  pjiases  or  voltages. 

A  Rotor]/  Pluue  Converter  changes  altematinc;  current  of  one  or  more 
phases  into  alternating  current  of  a  different  number  of  phases,  but  of  the 
same  frequency. 


Rotary  Conver- 
ters.— The  synchron- 
ous or  rotary  converter 
consists  of  a  synchron- 
ous motor  and  a  dynamo  , 
combined  in  one  ma- 
chine, 

PiO.  BMa.—VrtMBf'boaM  pole  constructioa  for  conveTten.  The  poles  at«  built  ot  up  aheat 
■tael  kminatuma  held  toother  with  Hveti.  Piojectioiis  ia  the  inner  ends  of  the  poka 
form  M«ti  tor  the  Seldcoihiuid  bold  them  in  pomtioTi.  CtqnieT  dampen  Kt  in  ilots  in  the 
pole  faces  uuoie  itable  operation.  Rotary  convertera  for  isilwa?  urvice  are  almost  invar- 
Iibtr  compound  vouod.    The  aeries  windmgi  are  formed  of  bare  copper  (trap.    The  shunt 

windinff  are  of  Insulated  copper  sCnp  or  wire.    Spacei  betveen  c«l  turns    -' '— 

BIS  piovidod  lor  Teotilation. 
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TENSION 

&U5 


IKANSFORMCR  5E.C0NDARICS 


POTENTIAL  TRANSFORMtRS 
■ro         AMD  LAMPS  OR  VOLTMETER*) 

TRANSFORMER  PRIMARIES 


TO  CONVERTEi^  5UP  RINGS 


Figs.  6,593  and  6,594— "Phasing  out"  a  syncaronoua  converter.  Pig.  6,593  on  high  temion 
side  of  the  transformers.  Raise  the  ax,  brashes  and  slip  a  sheet  of  varnished  cambric  or 
other  insvdatng  material  between  the  bnish  holders  ancl  the  rings.  Close  the  oil  circtiit 
breakers  and  dose  the  low  tension  starting  switch  on  the  down  or  running  position.  Make 
certain  that  the  full  secondary  volts^e  at>pears  at  the  brushes  which  bear  on  the  diametrical 
rings  1-4, 2-5,  and  3-6.  Then  open  the  starting  switch  and  put  the  a.c,  brushes  down  on  tlie 
mgs.  The  transformer  secondaries  will  then  be  connected  in  Y,  the  stationary  converter 
armature  forming  a  low  resistance  neutral,  compared  to  the  resistance  of  the  voltmeter,  and 
the  following  voltage  relations  should  exist  at  the  switch:  The  voltages  between  blades  and 
upper,  or  starting  cli^s,  should  be  the  starting  voltage,  approximately  "^  of  the  secondary 
voltage.  The  voltage  between  blades  and  lower,  or  nmning  cli^^,  should  be  full  secondary 
voltage.  Any  deviatbn  from  these  requirements  indicated  an  interchange  of  starting  and 
runnmg  leads.  ^  The  voltage  between  each  upper  clip  and  the  corresponding  lower  clip 
should  be  the  dilGference  between  the  starting  voltage  and  full  voltage,  or  approximately  yi 
secondary  voltage.  Any  deviation  from  this  requirement  indicatss  an  interchange,  of  two 
starting  or  two  running  leads.  The  voltage  between  any  two  upper  clips  should  be  about 
87  per  cent  of  full  secondary  voltage  and  the  voltage  between  any  two  lower  clips  should  be 
twice  this  amount,  or  about  \%  times  full  secondary  voltage.  Any  deviation  from  this 
itquirement  indicates  a  reversed  transformer  secondary,  or  that  the  switch  is  connected  in. 
consecutive  phases  instead  of  alternate  phases,  as  shown.  If  the  voltages  at  the  switch  be 
properly  symmetrical  according  to  toe  above  testi,  the  phase  rotation  must  then  be  checked. 
The  method  of  phasing  out  will  d^end  upon  the  character  of  the  equipment,  and  the  avaH' 
able  auxiliary  apparatxis.  When  tne  converter  is  arranged,  to  start  from  the  a.c.  end,  ^nd  a 
separate  high  tension  bus  fed  by  a  single  generator  can  be  used  to  start  the  converter,  a 
convenient  method  is  to  start  the  converter  nrst-on  the  starting  t&ps,  and  then  on  the  running 
taps  by  reducing  the  primary  voltage.  If  a  separate  bus  and  generator  be  not  available* 
start  toe  machine  On  ^  voltage  in  the  ordinary  manner,  but  before  throwing  it  td  fuU  voltage, 
check  the  voltages  at  the  starting  switch  as  follows:  The  voltage  between  each  blade  and 
the  corresponding  lower  clip  should  be  approximately  V^  voltage  and  tha  voltage  between 
any  two  lower  chps  should  be  about  130  i>er  cent  of  fuU  secondary  voltage.  When  the  con- 
verter is  designed  to  start  from  the  d.c.  side  or  by  ah  induction  motor  it  must  be  phased 
out  by  means  of  lamps  or  voltmeters  connected  around  the  oil  s<vitch  as  in'  fig.  6,593  or 
around  the  low  tension  switches  as  in  fig.  6,594.  If  possible,  the  synchroscope  should  be 
checked  at  the  same  time  by  connecting  the  lamps  at  tne  switch  it  is  connecte  d  across.  Any 
ajnMiratus  connected  across  the  open  switches  shoold  be  capable  of  standing  double,  line 
voltage.  While  "phasing  out"  converters  designed  to  be  synchronized  at  tiie  oil  switch, 
make  certain  that  one  phase  is  not  reversed  on  the  secondaries,  since  «  reversed  secondary 
phase  with  delta  primary  is  equivalent  to  a  short  circuit.  Such  a  reversal  will  make  itself 
apparent  by  excessive  current  when  starting  with  the  transformers  connected  to  tne  con-- 
verter.  so  that  the  converter  will  not  come  to  speed  from  tne  direct  current  end,  or  in  the 
case  ox  induction  motor  starting  preventing  the  building  up  of  the  voltage.  '  When  .the  ma- 
chine has  reached  approximately  normal  speed  and  voltage,  correct  phase  rotation  will  be 
indicated  by  all  the  lamps  across  the  oil  switch  growing  bright  at  the  same  instant,  followed- 
by  a  period  when  they  will  all  be  dim  at  once.  -  Reversed  phase  rotation  will  be  indicated 
by  tiie  lamps  growing  bright  in  succession.  In  "phasing  out"  at  the  secondary  switches, 
the.  indications  of  correct  and  reversed  jphase  rotation  are  the  same,  respectively,  as  when 
''phasing  out"  on  the' high  side  and,  in  addition,  the  following  indications  are  possible: 
Ii  the  lamps  on  two  phases  fluctuate  together,  and  the  third  in  a  different  manner,  one  phase 
is  reversed  but  the  phase  rotation  of  the  other  two  is  correct.  If  the  three  lamp  circuits  be-^ 
come  bright  in  a  rapid  succession  and  then  pass  through  an  interval  when  all  are  dim,  a 
combination  of  re  versed,  phase  rotation,  and  reversed  phase  rotation,  and  reversed  con- 
nections on  one  phase,  is  indicated.  Usually  the  easiest  method  of  correcting  reversed 
phase  rotation' is  to  interchange  two  lines  at  the  high  voltage  terminals  of  the  transformers. 
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witch  board  and 
[d^.);  C.B.,  sir 
it  breaker;  O.R.. 


er;  Rh..  theoiUt:  Rs..  resiitsnce:  S.,  switcli;  Si.  Btaning  switch;  Si.  'eq^liiiiig'  awitch; 
Sh.,  Bhunt;  S.  L,D.,  speed  limit  device;  U.V.R..  undei^voltaae  release;  T.C.,  trip  coil;  V., 
volt  meter;  Vi,  volt  metei  (d.c.)  (optional);  W.H.M..  wattfiour  meter  (a.c.)\  W.H.M.-l, 
watthouro«terW.c.). 


NOTE. -Ojwratlon.    In  flgs. 


.595  to  6.507  tlu  nucMne 
opined  'betore  stattina  and 
1  oil  circuit  brsaicer  OCB. 


laiity  be  right,  close 
to  read  sliehtly  in  tt 


rill  be  started  as  follows: 
le  brusbea  ate  raised  from 

e  J.c.  polarity.    If  the  po- 


switch  in 


1.  then  i 


le  half  Up  until  the  voltage  o!  thed.i. 
half  normal  and  becomes  steady.  Then  throw  it  down  with  a  rapid  i 
ning  position.    Let  the  brushes  down  on  the  commutator.     Close  th 

volta^.    Tf  the  transformers  be  connccted'on  the  right  hifth  tension  taj 
20  per  cent,  lagaing  current  at  no  load,  and  will  give  unity  power  factor 

the  drcuit  breaker.    Make  certain  that  the  d.c.  brushes  are  down  on  XY 


will  draw  about 
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It  resembles  a  dynamo  with  an  unusually  large  commutator  and  an 
auxiliary  set  of  collector  ni^.  On  the  collector  ring  side,  a  rotary  eoa- 
verter  operates  as  a  synchronous  motor,  while  on  the  commutator  side,  it 
operates  as  a  dynamo. 


The  ratio  between 
the  impressed  alter- 
natir^  pressure  and 
the  mrect   cur 
pressure  given 

IS  theoretically  1 

slant,  therefore, 
the  direct  pressu 
will  always  be  as 
to  ,707  for  single 
phase  converters  or 
if  the  pressure  of 
the  machine  used 
above  indicate  100 
volts  at  the  direct 
current  end,  it  will 
indicate  70.7  volts 
at  the  alternating 
current  side  of  the 


Fro.,  6,598. —Geneisl  Electric  1,200-250  volt  itauo 


NOTE . — Conliniud. 


S3  cloaing  tba  switch,  tmc 

^. ^ lit  from  connecting  the  m , 

UnCortuiutdy.  the  pilat  bru«h«t  do  not  act  u 


d^,  bus.before  the  brushea  ve 

itatoT  which  bOldi  iin^  the  machine  is  disconnected 

open*  the  dj:.  and  aj.  iwitches.  Adiut  the  diviskau  of  load  between 
macnuKs  11  more  tnan  one  be  in  service,  by  means  of  fidd  liieostBta.  If  another  machine  in 
the  same  Italian  be  canyins  load  when  a  compound  wound  coavecter  it  naited,  the  comet 
dj.  polarity  may  be  insined  by  c1o«ne  the  equalizer  switch  S3  befom  the  machine  reaches 
syncnroniam.  "nie  series  field  win  be  suppHed  with  current  by  the  other  machine  suffioeot 
to  Tpagnetize  the  poles  in  the  right  direction  and  cause  the  converter  to  drop  into  step  with  the 
proper  polarity.  It  b  also  poaaiblo  to  in&iue  coTm:t  polarity  ori  machines  which  dQ  not  syn- 
chronize too  rapidly  by  watching  the  swings  of  the  d.c,  voltmeter  and  clD$ing  the  field  switch 
S4  in  the  up  position  nut  a3  the  voltmeter  begins  its  last  swing  in  the  right  direction.  The 
e..j  _■„    .  .        biuldupi    .L .  .-_,.^  J'    ......  .J  ,. ...  .1  .  .    ._■.,.... 


. , le  tight  direction  and 

polarity.  Tht  order  of  opemtion  an  shutting  daw 
m  parallel  with  other  machines  drop  the  load  off  s 
ing,  by  ad^ustin^  the  fiald  rheostats.    3.  Open  tl 


bn 


"to^^l^e 


.  brushes  frqp  the 
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There  are  two  types  of  converter: 

1.  Single  phase  2.  Polyphase. 

Usually  two  or  three  phase  converters  are  used  on  account  of  economjr 
of  copper  in  the  transmission  line.  The  armature  of  a  pi^yphase  converter 
is  connected  similar  to  that  of  an   alternator  with  either  delta  or  star 


(xninec  Lioiui . 

In  order  to  vary  the  voltage  of  a  rotary  on  the  d.c.  side ,  pressure  or  voltage 
regulators  are  put  in  the  a.c.  circuit  and  may  be  regulated  by  small  motOTS 
operated  from  the  main  switch  board  or  by  hand. 


"Pic.  O.SBO.y-CoBunutaliog  pole  of  WeatinghouBo  commutating  pole  rotary  converter.^    Tha 


!  copper  strap  wound  on  edge.  Ventilating  spaces  are  provided  bet 
i1  and  between  turns.  Tile  copper  niiiding  is  bare  except  for  a  few 
□sulatiDg  bolts  retain  the  tuini  m  their  proper  pontion. 


between  the  pole 


,  ..^_titute  a  £t  condition  for  caTrying  loads,  and  heavy  loads  i..----  -.--  —  r —  _r--  -  — ■■ 
d  in  this  nspect,  its  cnmmutator  may  reach  such  a  condition  as  to  requite  turning,  and 


need  before  pnper  condit 
afoUowed.^oa  reiulta  st 


is  neeiVBd  mth  the  comnmtatorpidiihed  from  fictoiy  tes 
mdtbabrnst 


sured.    When  tTi 


_. _lieaTily  ■■  the  coodjtian  (ftb«  tmish  Burf«cea  will  permit  with  good  oommotation, 

but  if  the  commutator  be  not  polished,  the  mcahine  should  be  run  lieht  fcir  at  least  2i  tioun 
with  normal  brush  preaauie,  ud  then  aa  additional  24  hours  at  apptoiimatel/  half  load,  m 
order  to  establbh  a  pDliih  on  the  commutator  surface.  The  desired  surface  will  show  a  very 
huh  polish  by  retlected  biht  and  will  vujr  in  color  from  a  light  straw  to  a  dark  bi 
ablueBtay.theactualcoIorbeinsoC&oeonseciueDcaBalongastliebBrsare  polisbi 
from  edae  to  ed^s.    Use  no  lubncant  on  the  commutator  cither  during  the  polL 


IT  subsequently.    Botii  the  caAoa  uid  the  graphiu  brushes  now  furnished 


during  the  pidishing  period 


-,  ...., the-UMOf 

any  external  lubrication.  SdT-lubricatina  carbon  brushes  may  in  some  instances  leave  a  black 
deposit  on  the  commutator  when  first  put  into  service.  This  deposit  should  bewiped  on  as 
naidly  as  it  aiii>ears  by  means  irf  a  piece  of  dry  canvas  or  other  hard,  non-lintinp  material, 
which  ihonld  be  wound  around  a  Hock  and  held  against  the  commutator  with  EafficKnl  prcs- 
Buie  to  TonoVe  the  blackenins.  While  the  converter  is  betng  nia  to  polish  the  commutator 
and  fit  the  tmiiliBS,  the  end  jiay  device  should  be  ia  operatioa  so  that  the  Gocomuuior  and 
the  collector  rioga  will  be  poluhM  uniformly. 
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The  advantage  of  unity  power  factor  is  that  itprevents  overheating  when 
the  rotary  is  delivering  its  full  load  in  watts.  The  strength  of  the  magnetic 
field  greatly  influences  the  power  factor  on  the  high  tension  line  but  does 
not  materially  affect  the  voltage. 

Since  variation  of  the  field  strength 
does  not  materially  atlect  the  voltage 
by  adjusting  the  resistance  in  series 
with  the  magnetic  circuit ,  the  strength 
of  the  field  can  be  changed  and  the 
power  factor  kept  1  or  nearly  1  as 
different  loads  are  thrown  on  and  off 
the  rotary.  If  the  field  be  too  strong, 
a  leading  current  is  produced,  and  if 
too  weak,  the  current  lags,  both  (rf 
which  reduce  the  power  factor  and 
are  objectionable. 

It  is  the  duty  of  the  attendant  at 
the  substation  to  maintain  the  proper 
power  foctor.  The  ordinary  sizes  of 
rotaries  are  from  3  to  3,000  fcw. 


Into  thu  tRcic  tha  fipring  hinjpid  Kftitv 
hookofthe  raising  device  eng»s«*  onb*  wben 
Ihe  lighting  lever  is  ihifted  toward  the 
iai«d  poiicion.  Each  bniih  it  merely 
bnuh  position  or  commutation  ii  not  altered. 


of  tnd  plat  danlet.    After  the  machine  has  been  brouBht  up  to 

md  pUy  device  should  iUrt  automatically  into  operation.    If  the  armature  wiD 

ixjt  corao  lorward.  oi  back  fiom  tha  end  play  device  it  is  due  to  an  endmse  puU  of  Ihci  field. 

without  closing  the  field  eiicuit.  If  the  machine  then  ascillalE  fteely  in  eit>ier  direction  and 
(rill  not  oscillate  when  up  to  voltage  with  Geld  closed,  trouble  is  due  to  pull  of  field.  If  this 
ficddpull  hold  the  armature  over  against,'  or  near  to  one  of  the  beajinga  so  that  the  coil  delec- 
tor  bumpa  against  it  when  the  armature  oscillate,  the  field  should  be  removed  slightly  in  ihe 

:.-  j; — .:._  . .  ^.      j^  omkiiig  this  movement,  talu  care  not  to  disturb  the  air 

:j_  __.,._  _.,.__     .._, , la  on  the  feet  of  the  field 

, — -  _ mount  ai  the  other,  and 

t»lce  c&re  to  give  no  lateral  movemeot.  Then  dowel  the  field  in  the  propet  poaboa  for  the 
beat  operation  of  the  end  play  device. 

KOTS.~*dJumtmxnt  of  tpnd  limtt  daetea.    This  device  ii  adjusted  at  tha  tactotr 


.t  \b%  over  speed.    Check  tlMs  adjuatment  before  puttiM 


le  speed  of 


-se  the  series  field,  or  short  circuit  it,  since  the  series  field 


jn  tha  spring  b/  turning  the  nut  on  the  adjustina  screw,  and  con- 

u  epeed  limit  operate  at  too  low  a  speed,  increase  the  tension  on  the  spring.  Check 
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Pig.  fl.eOl.  —Detail  of  Cential  Electrig  comrnulator  and  commulaCin?  pd[tt.  CommutalUm. 
Thii  ij  a2«led  by  tfrtain  tneehanioal  iidjustnienl^  and  reflnement)  ai  well  b3  by  the  all- 
otment of -thfl  commutatinff  poles.  When  fiood  commutatian  »  not  obtained  after  poll^- 
mff  the  commutator,  these  mechanical  features  ahould  be  Eone  over  thoroughly,  tryiiw 
the  commutation  alter  any  change  is  made  and  noting  the  effect  produted.  Go  over  aU 
the  contacts  and  nuke  certain  that  none  are  loose,  particularly  in  the  circuila.  Check  the 
o.t.bnish  pressure.  It  should  be  3  lb.  or  3!i  lb.  pec  iq.  in.  per  brush.  Check  the  connection* 
and  make  certain  that  the  commutating  field  or  any  part  of  it  is  not  reversed,  and  that 
ono  or  more  of  the  main  apools  are  not  reversed.  Check  the  brush  spacing  and  alismnent 
paper  tape,  and  by  the  commutator  mica,  revolving  armature^  two  or  threi 


positiona  to  detect  errors  due  to  variation  in  thickness  of  bars  or  mica.    The  bi 
ins  should  always  be  checked  with  reference  to  the  traihnff  side  of  the  bru<^   *^ 
side  on  which  the  commutator  bai4  leave,  and  on  which  sparking  usually 
chines  of  certain  desagns  are  very  sensitive  to  brush  spacing,  and  n  va<-iAtim 
should  ba  corrected,  ^he  commuialoi  should  be  wrapped  tightly 


-_.  -.ing  its  whole  face  and  tied  in  place.  The  lapping  point  of  this  paper  should  then  ba 
marked.thopapershould  bo  removed,  (pread  on  a  flat  surface  and  stepped  off  with  a  large 

of  poles.  The  atrip  should  then  be  replaced  on  tho  commutator  and  the  studs  so  adjusted 
that  the  toes  of  the  brushes  on  the  different  studs  ;usC  touch  these  marks. /n^ciural,  the 

Ch«k  the'mechanical  neut'ral  an(i  try°shif[ing'ths°t^hes  each  way  from  neutra"    Very 

lines  of  two  commutating  poles.    The  brushes  of  the  nearest  stud  should  be  set  on  tho 

Go  over  the  brushes  and  see  that  they  move  freely  in  the  holders,  and"  that  the 
pigtails  40  not  interfere  with  any  part  of  the  ligging.  Check  the  pressure  and  see  that 
the  fit  is  good.  Look  for  burning  or  roughness  of  the  contact  surfaces.  In  checking  tho 
br^ish  pressure,  it  will  be  preferable  to  measure  the  actual  pressure  with  a  spring 
balance,  because  of  variation  in  the  springs  used.  The  correct  pressure  is  two 
pounds  Der  square  inch  cross  section.  As  an  example,  the  ^-in.  br^sh  will  have  a 
piesure  o(  IH  lb.  U  a  spring  bebnce  is  not  available,  set  the  springs  in  the  first  notch 
and  advance  one  notch  for  each  >^-in.  wear  of  i.c.  brushes,  and  each  K-in.  wear  of  the 
O.C.  brushes.  Inspect  the  surface  of  the  commutator  and  wipe  off  any  blackening.  If  it  bo 
rough  or  eccentric,  causing  the  brushes  to  ctiatterDrmoveiiithebQMera.it  should  be  ground 
or  stoned,  and  perhaps  turned. 


3,536  -  176  CONVERTERS 

CEompoundlng  of  Rotaiy  Converters. — Compounding  is 
desirable  where  the  load  is  variable,  such  as  is  the  case  with 
interurban  railway  systems.  The  purpose  of  the  compounding 
is  to  compensate  automatically  for  the  drop  due  to  line,  trans- 
former, and  converter  impedance. 

Oa  account  of  the  low  power  factor  caused  by  over  compounding,  and  the 

fact  that  Gub-stations  are  customarily  connected  to  the  trolley  at  lis  nearest 

pcant  without  feeder  re^stance,  over  compoundii^;  is  not  recommended. 

An  adjustable  shtmt  to  the  Eeries  field  is  provided  with  each  machine. 


FtG.  6,602.— WestiDslMnue  SOO  few..  l.EOO  volt,  thic 


NOTE. — AdjuMtmant  of  auxiUarii  commutattna  Otld-  Commutetins  pole  eonwten 
with  dinct  coimected  a-c,  faooatera  b.t«  provided  with  shunt  prindin^  on  tha  cDounutatinff 
pole*  in  wlditioa  to  the  curtomary  aeries  windings.  Tha  shunt  winding  mo  iie«s«*rr  inoider 
to  BUinUm  th*  proper  itntistli  of  commutaUng  fiald  under  all  conditions  of  booit  and  buck, 
dnca  the  uimtun  leaction  VRriea  with  thcae  conditions  and  the  series  winding  alona  will  not 

.  .. ^.__     .-j^  Buiiliary  commutatins  field  i»  controlled  b7  im  iiutooiitic 

h  the  converter.    The  innallation  and  adjustment  of  tbii 
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Ratio  of  Conversion, — ^The  relation  between  the  a.c.  and  d,c. 
voltages  vary  slightly  in  different  machines.  The  ratio  depends 
upon  the  number  of  phases  and  connections  of  the  windings. 
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Figs.  6,603  and  6.604.  —Alternating  current  9twrting,  Synchronous  converters  are  Renei^ 
ally  started  from  the  o.c.  side  like  polyphase  synchronotts  motors.  The  current  in  the 
armature  induces  a  magnetic  field  in  the  pole  pieces,  and  as  the  iron  has  hysteresis,  the 
induced  field  lags  behind  the  current  producing  it.  thus  creating  a  torque.  It  is,  however. 
necessary  to  reduce  the  voltage  at  starting  in  cnrder  to  prevent  a  heavy  rush  of  current  and 
this  is  done  by  providing  taps  on  the  transfonner  secondaries.  Fig.  6,603  shows  the  ar- 
rangement of  taps  for  starting  three  phase  converters,  leads  1,  2  and  3  being  the  operating 
terminals,  and  leads  1 ,  4  and  5  those  for  starting  at  half  voltage.  Lead  6  is  merely  for  the 
purpose  of  making  the  three  transformers  duplicates .  Lar^  converters  are  usually  connected 
six  phase  diametrical,  and  when  started  from  the  ax.  side,  it  is  desirable  to  provide  taps 
on  the  transformers  for  one-third  and  two-thirds  voltage  as  shown  in  fis.  6,604.  Leads 
1  to  6,  inclusive,  are  the  operating  terminals;  leads  1,  3,  5,  7,  8,  and  9  are  for  the  first  step. 
and  leads  1.3,5,  10,  11  and  12  are  for  the  second  stef).  Leads  2,  4  and  6  are  for  the  final 
or  full  voltage  step.  Leads  1 ,  8  and  5  are  connected  directly  to  the  converter  and  the  start- 
ing is  done  by  two  triple  pole  double  throw  switches  as  shown.  When  a.e;.  is  used  for  start- 
ing, the  armature  winding  stands  in  relation  to  the  field  winding,  as  the  primary  of  a  sta- 
tionary transformer  to  the  secondary.  A  large  number  of  turns  in  the  neld  spools,  com- 
IMtred  with  the  turns  in  the  armature,  may  produce  in  the  field  winding  a  lush  induced 
voltage  which  should  be  kept  within  safe  limits.  This  is  done  by  breaking  up  the  neld  circuit 
between  the  spools  by  means  of  a  switch  provided  for  that  xmrpose  on  the  frame  <A  the  machine . 

NOTE. — ^In  the  rotary  cowfitrter  n<3  lead  in  either  sense  need  be  given  to  the  brushes;  for 
the  armature  reactions  of  the  motor  part  being,  in  general,  opposed  by  those  in  the  dynamo 
part,  they  cancel  one  another  to  a  large  extent.  This  property  is  common  to  all  those  motor- 
generators  in  which  there  is  used,  whether  with  one  winding  or  two,  a  common  core  in  a 
common  fidd.  The  relations  between  speed  and  field  are  peculiar.  In  the  case  of  those 
grouped  madiines,  or  motor-dynamos  in  which  each  armature  revolves  in  its  own  field,  the 
conditions  differ  from  those  of  the  converter,  where  there  is  only  one  field.  If  in  either  case 
the  continuous-current  side  is  the  primary  {i.e.  motor)  ^side,  the  speed  of  revolution  will 
depend  on  the  field-magnet,  the  weakening  of  which  will  increase  the  si>eed.  The  frequency 
of  the  secondary  or  alternating  current  will  in  that  case  also  vary.  But  the  ratio  of  the 
primary  and  secondary  voltages  will  be  independent  of  speed  if  the  fields  are  alike,  or  if  only 
one  common  field  is  used.  The  secondary  voltage  cannot  be  varied,  while  the  primary  voltage 
is  kept  constant,  unless  separate  fields  and  separate  windings  be  employed.  If,  on  the  other 
hand,  the  alternating-current  side  be  used  as  primary,  then  the  machine,  whether  motor 
dynamo  or  converter,  runs  as  synchronous  motor  with  a  fixed  speed. 
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Shunt  wound  converters  are  satisfactory  for  sub-stations  in  large  cities 
and  similar  installations  where  due  to  the  la^er  number  of  car  units  demand- 
ing power,  the  load  is  more  nearly  constant. 


Pigs.  e.flOSto  e.flOT.— Woodbridge  split  pole 
rotary  converter,  Each  pole  is  suit  into  ttirn 
fi«ctiDiis  vid  provided  with  winding  as  indi- 
cated in  fig.  e.609.  When  eicited  as  ia  fig. 
e.BM  the  commutaUir  voltage  is  at  its  higheti 


NOTE.— r/ia  a.c.  •larltna  mcrhod  does  not  require  any  campliciCed  or  expensre 
paialus,  the  same  switches  bemg  used  for  both  starting  snd  running  connectiona.  Sina 
IS  seU-synchToniiing,  there  is  Utile  ppssibililj'  of  confusion  by  the  operator,  as  the  didicaliy 

ter  seeing  that  all  the  tnicbine  twilcl.es  are  open,  the  high  tension  oil  switch  is  closal^ 
len  the  first  starting  switch  ii  closed  and  the  converter  should  start,  lunning  on  one-half  or 

rolt'met°er  connec'te'd  acrou^the'd.^.^s'Jd^wu'osciilBte 'backed  forth  an?fiiJ?Uy^^^ 

1  with  either  positive  or  negative  polarity.'  For  this  reason,  it  is  customary  to  make  the 
Id  switch  double  throw  and  this  switch  is  thrown  in  the  normal  position  if  the  volt  meter 
ILeata  positive  polarity.  If,  however,  it  show  that  the  polarity  of  the  converter  is  revwsed. 
9  field  snitch  is  closed  in  the  other  direction,  reversing  the  current  through  the  field  coils. 
in  flni  a^t  iin  Hv  thin  r^vprvd  riirr^nt  in  the  field  cous  oppose*  and  Overcomes  the  fiux 
!  to  drop  in  speed  until  it 
the  converter  win  run  in 

When  the  last  switch  is 
service  after  adjaitiofl  the 
_.3.  Three  phase  machinB 
[n  the  circuit  will  ta^  three- 

™, ngonone  third  voltage  UlB 

,  approumately  three-fourth*  unman'  cuirsat. 
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PxGS.  6,606  and  etOOQ.—- Commutator  turning  tool. 


NOTE.— CSommufaf or  grinding  or  turning.  In  many  cases  where  a  commutator  is 
rough  but  is  concentric,  it  is  possible  to  stone  it  smooth  with  sandstone  instead  of  turning. 
Whenever  possible  this  is  to  be  preferred,  for  a  commutator  can  usually  be  smoothed  by  the 
removal  of  a  few  thousandths  in.  in  this  way,  whereas,  if  it  was  turned,  a  man  would  probably 
cut  awav  Vi«  of  an  inch  and  possibly  more  before  completing  the  work.  Before  stoning,  aU 
traces  of  oil  or  grease  must  be  removed  from  the  commutator  or  the  stone  will  glaze  over  ^th 
copper  and  will  not  cut.  A  piece  of  grindstone  or  medium  grade  scythe  stone  will  answer 
the  purpose;  the  stone  should  be  worked  from  end  to  end  of  the  commutator  and  the  surface 
ground  down  evenly.  This  stone  should  span  enough  of  the  commutator's  circumference  to 
prevent  its  dropping  into  low  spots  and  thereby  exaggerating  them.  While  stoning,  the  brushes 
should  be  lifted  from  the  commutator  as  the  grit  will  cut  them  rapidly.  After  stoning,  the 
commutator  should  be  smoothed  with  fine  quarts  (not  garnet)  sand  paper  and  then  polished 
by  using  the  back  of  the  paper.  Before  stomng  or  turning  the  commutator  the  clamping  bolts 
should  be  tested  for  tightness  while  the  machme  is  warm.  Extreme  caution  should  be  used 
in  tightening  the  bolts;  m  many  commutators  the  bolts  are  strong  enough  to  distort  the  clami>- 
ing  ring.  After  the  commutator  is  as  true  as  it  is  possible  to  grind  it,  it  is  necessary  to  polish 
and  smooth  with  the  finest  grade  of  sand  paper.  When  using  the  sand  paper,  a  very  little  pres- 
sure should  be  applied  and  the  paper  should  be  kept  moving  up  and  down  the  surface  of  the 
commutator  so  as  to  prevent  it  developing  flats.  A  little  oil  applied  with  the  sand  paper  will 
help  to  give  a  j^lished  surface.  Sandpapering  of  high  speed  commutators  should  be  restricted 
as  much  as  possible ,  and  should  always  be  done  with  very  light  pressure  against  the  commutator. 

NOTE. — End  ptay  device  and  epeed  limiting  ewitch.  In  order  that  the  brushes  may 
not  wear  jsrooves  in  the  commutator  and  collector  rings,  the  armature  should  have  a  slight 
reciprocating  motion  parallel  to  the  shaft.    To  obtain  this  motion  the  larger  machines  are 

f provided  with  an  automatic,  magnetic  end  play  device.  Current  for  its  operation  is  obtained 
rom  the  d.c,  side  of  the  converter.  A  condenser  is  connected  across  the  make  and  break  to 
faciUtate  the  opening  and  closing  of  the  circuit.  Small  machines  having  comparatively  light 
armatures  are  equipped  with  a  mechanical  end  play  device.  All  synchronous  converters  are 
equipped  with  a  device  for  automatically  opening  the  direct  current  circuit  in  case  the  speed 
become  too^  high.  This  safety  device  (or  speed  hmiting  switch,  as  it  is  generally  called)  con- 
sists of  a  switch  which  is  operated  by  a  centrifugal  governor.  The  centrifugal  weight  is  mounted 
on  the  shaft  and  revolves  with  it.  while  the  switch  is  stationary  ^and  is  mounted  on  the  col- 
lector end  pillow  block.  This  weight  is  so  designed  that  it  operates  at  practically  the  same 
speed  irrespective  of  the  acceleration.  The  switch  can  be  adjusted  to  operate  at  any  prede- 
termined speed. ,  Under  normal  operating  conditions,  the  circuit  of  the  low  voltage  release 
cod  on  the  line  circuit  breaker  is  closed,  but  should  the^speed  of  the  converter  increase  to  the 
predetermined  setting,  the  switch,  will  open,  thus  opening  the  line  circuit  breaker.  The  cur- 
rent carrying  parts  are  all  stationary  and  so  constructed  that  failure  to  operate  is  practically 
impossible  when  properly  adjusted.  It  should  be  noted  that  the  end  play  device  and  speed 
limiting  switch  are  usually  mounted  at  opposite  ends  of  the  shaft  so  that  the  operation  of  one 
does  not  in  any  way  interfere  with  that  of  the  other. 
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For  example,  a  two  phase  rotary  receiving  alternating  current  at  426     | 
volts  will  deliver  direct  current  at  600  volts,  while  a  three  phasa  rotary 
receiving  alternating  current  at  367  volts  will  deliver  direct  current  at 
■    600  volts. 

Voltage  Regulation.  —  Since 

the  ratio  of  the  a.c.  to  the  d.c. 
voltage  of  a  converter  is  practi- 
cally   constant,  meaiis    must  be 

-  pcovided-to  e^npensate  for  volt-  < 
age  variation  due  to  changes  of 
load  in  order .  .to  maintain  the 
direct  cuireat  .^essufe  constant. 
There  are  several  methods  of 
doing  this,  as  by: 

1.  Shifting  the  brushes  (objec- 
tionable) 

2.  Split  pole  method 

Pig.  6  010.— Oscillator  and  speed  limit  derice  of  'WestJnghouae  commuUting  polo  rotary 
converter.  It  ButomaticaH/prevents  tho  "^''""j^'^jj,™^^™^"™  J*;)^?!'*  P™" 
T^?;;.il>.^bar=lE-^|pfd|vi«c^m^^ 


ace"  the'  spring  is  compressed.    The  reaction  of  the  spiinp  forces  the 
IS  natural  position  and  allows  tlie  ball  to  drop  back  to  the  lowest  point 


NOTE.— /n  ilartlng  lit  phiae_ooneerUtt,  on  one-third  voltage  taps  .without  the 

lon^r  limit  of  starting  voltage  is  reached  and  the  conditions  of  starting  will  be  improved!  It 
may  be  found,  however,  in  some  casts  of  high  line  reactance  and  resistance  that  ths  voltage 

on  the  two-thirds  volUge  t^o  using  a  resistance  or  reactance  coil  to  reduce  the  starting  current. 
Another  arrangement  would  also  be  to  provide  taps  at  40  per  cent,  from  one  end  and, 30  pei 
cent,  from  the  other  end  of  the  transformers,  so  that  either  end  could  bo  used  for  starting. 

NOTE,— riH>  600  Bolt  conBtrterl  operating  in  parallel  on  the  o.(.  and  in  senM  on  the 
d  c  side  giving  1  200  volts,  are  generally  started  one  at  a  time  from  the  a  j.  Bide.  When  they 
both  have  been  brought  up  to  speed  and  coirectud  for  the  lieht  polarity,  they  are  connected 
in  series-   then  the  field  b  ad  justed  for  the  proper  voltage  and  they  are  ready,  to  be  thrown  or 
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Pig.  6,611. — Diagram  of  "Cascade"  motor  generator  set  or  motor  converter,  as  it  is  called  in 
England  where  it  is  used  extensively  for  electric  railway  work.  In  the  diagram  of  motor 
armature  winding,  some  of  the  connections  are  omittea  for  simplicity.  The  windings  are 
Y  connected,  and  as  they  are  fed  by  wires  joined  to  the  slip  rings  at  the  right  and  center, 
the  rest  of  the  power  passes  to  the  converter  windings  back  to  rotor  winding  and  out  to  the 
slip  rings  so  that  part  of  the  power  enters  the  rotor  and  part  through  the  converter. 

NOTE. — Another  method  of  a.c,  atarting  is  by  means  of  a  tmall  induction  motor  sui)- 
ported  on  one  of  the  pillow  blocks  and  with  the  rotor  mounted  on  the  extended  synchronous 
converter  shaft  just  outside  the  bearing.  By  designing  the  starting  motox*  with  less  poles 
than  the  converter,  it  will  enable  the  motor  to  bring  the  converter  up  to  and  above  s3mchronous 
speed.  The  field  switch  of  the  converter  is  then  closed  with  all  the  resistance  cut  in  the  field 
circuit.  The  resistance  is  then  gradually  cut  out,  thus  increasing  the  iron  losses  of  the  con- 
verter and  the  corre^xmding  motor  torque  necessary  for  driving  it,  resulting  in  a  gradual- 
decrease  in  the  speed  .until  the  synchroscope  indicates  that  the  converter  is  in  syncmonism. 
The  a.c,  main  switch  is  then  closed  and  the  induction  motor  is  cut  out  and  left  to  run  free. 

NOTE. — D.e.  etarting.  When  starting  from  the  direct  current  end,  the  collector 
rings  of  the  converter  are  generally  connected  to  the  transformers,  although  this  requires 
considerably  heavier  starting  current  than  if  the  connections,  were  interrupted  and  the  a.c. 
end  of  the  converter  open  circuited  during  starting.  All  the  switches  and  breakers  are  assumed 
open  on  starting. .  Close  the  main  d.c,  circuit  breaker.  Cut  the  field  rheostat  all  out.  Throw 
in  the  starting  switch,  cutting  out  the  resistance  slowly,  so  that  the  machine  is  running  on  full 
voltage  in  one  minute  or  less.  Raise  the  speed  to  normal  by  means  of  the  main  field  riieostat. 
ReguUte  the  voltage  of  the  a.c.  side  to  the. same  value  as  the  line  voltage  by  means  of  the  a.c, 
booster  or  induction  regulator.  Synchronize  arotmd  the  high  tension  oil  switch  by  means  of 
field  rheostat,  holding  the  voltage  of  the  ax.  side  steady.  Close  the  high  tension  oil  switch. 
Raise  the  d.c.  load  by  means  of  the  synchronous  booster  or  the  induction  regulator,  maintain- 
ing unity  power  factor  at  all  loads  by  means  of  the  field  rheostat.  The  order  of  operations 
in  shutting  down  a  converter  arranged  to  start  from  the  d.c,  end  is  as  follows:  Drop  the  load 
as  far  as  possible  by  means  of  the  booster  or  the  induction  regulator.  Open  the  direct  current 
circuit  breaker.  Turn  the  booster  rheostat  or  the  induction  reg;ulator  to  the  maximum  buck 
position.  Open  the  high  tension  oil  switch.  When  a  converter  is  designed  to  operate  on  a  3- 
wire  distribution  system  and  the  neutral  for  the  system  is  obtained  by  connecting  the  middle 
points  of  the  diametrical,  transformers,  the  transformer  neutral  must  be  disconnected  from 
the  main  neutral  bus  while  starting  direct  current,  but  the.  neutral  points  of  the  individual 
transformers  may  be  left  connected  together.  In  starting  this  type  of  converter  from  the  a.c, 
end,  it  is  necessary  not  only  to  disconnect  the  transformers  from  the  neutral  hus,  but  to  dis- 
connect the  individual  transformer  neutrals  from  each  other. 
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3.  Regulating  pole  method 

4.  Reactance  method 


Pig.  6,612,— Aimature  of  WeBtinghouse  Brnchnmous  booiter  converter.  Heavy  cut  yok 
form  the  frsmea.  They  are  ptoportkmed  to  rigidly  aupport  the  laminated  steel  field  po]( 
The  poles  are  f^islened  to  the  frame  witb  through  bolU.    A  lifting  hook  ia  provided  on  i 


NOTE. — SynchroTioia  ConMrfara  In  parallel.     If  several  aynchm 


1  supply  the  same  d.c.  ayBtem.  they  tan  be  connected  in 
Duuiiir  or  compound  wound  eeneratoTSi  and  th^  are  even  frequcuLpr  ui#^,bu.<4  m  (mduci  wilu 
such  generators  and<EtoraEe^»tteries.  The  dinerent  convertera  will  divide  the  load  according 
lo  their  d.c.  voltages,  and  these  can  be  regulated  "by  changina  t}^e  applied  alternating  volta^. 
It  is  evidently  necessary  that  all  of  the  machines  operating  iQ  paralfel  should  have  the  same 
voltage  regulation  from  no  load  to  full  load,  afld  if  a  battery  be  also  operated  in  parallel  the 

for  a  less  voltage  drop.    Synchronous  converters  operated  in  parallel  should  not  be  connected 


irs,  as  for  example  if  the  brushes  4^ 

^ne.     Kelt,  the  shunt  field  circuit  is  closed  and  the  field  adjusted  w 
orrespond  to  that  of  the  Ptst  machine  and  finallv  the  main  switch  is  clc 

be  transferred  from 

and  strengthening  t 
c.  voltage  should  dr 
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5.  ** Multi-tap*' transformer  method 

6.  Synchronous  regulator. 


Split  Pole  Method* — In  this  arrangement  each  pole  is  split  into  two  or 
three  parts.  One  of  these  parts  is  permanently  excited  and  it  produces 
near  its  edge  the  fringe  of  field  necessary  for  sparkless  commutation. 

The  effect  of  this  is  the  same  as  shifting  the  brushes  except  that  no  spark- 
ing  results. 

The  other  part  is  arranged  so  that  its  excitation  may  be  varied,  thus 
shifting  the  resultant  plane  of  the  field  with  respect  to  the  direct  current 
brushes. 

Regulating  Pole  Method, — These  poles  fulfill  the  same  functions  as 
commutating  or  interpoles  on  motors  and  dynamos. 

The  regulating  poles  are  used  in  order  to  vary  the  ratio  between  the  alter- 
nating current  collector  rings  and  the  direct  ciurent  side  without  the  use  of 
auxiliary  apparatus  such  as  induction  regulators  or  dial  switches  which 
involve  complicated  coimections  and  many  additional  wires.  The  regulat* 
ing  poles  are  arranged  with  suitable  connections  so  that  the  current  through 
them  can  be  raised,  lowered,  or  reversed. 

Reactance  Method. — ^This  consists  in  inserting  inductance  in  the  supply 
circuit  and  running  the  load  current  through  a  few  turns  around  the  field 
cores.  This  meth^  is  sometimes  called  compounding ,  and  as  it  is  automatic 
it  is  generally  used  where  there  is  a  rapidly  fluctuating  load. 

With  less  inductance,  the  effect  of  the  series  coils  on  the  field  of  the 
converter  is  quite  similar  to  that  of  the  compounding  of  the  ordinary  railway 
djmamo. 

Multi'Tap  Transformer  Method. — This  is  a  non-automatic  method 
of  control  and,  accordingly,  is  not  desirable  except  where  the  load  is 
fairly  constant  over  considerable  periods  of  time.  It  requires  no  special 
explanation. 

Synchronous  Booster  Method. — ^This  consists  in  combining  with  the 
converter  a  revolving  armature  alternator  having  the  samenumber  of  poles. 
The  winding  of  the  booster  alternator  armature  is  connected  in  series  with 
the  input  circuits  on  the  converter.  The  field  windings  are  either  fed  with 
current  regulated  by  means  of  a  motor  operated  field  circuit  rheostat,  or 
joined  in  series  with  the  commutator  leads  of  the  converter. 
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Converter  Trouoles 

Commutator  Heating. — Generally  due  to  improper  brush  pressure, 
poor  commutation,  bearing  prolonged  overload,  faulty  condition  of  com- 
mutator surface.  Allowable  temperature  is  higher  than  can  be  endured 
by  hand. 

Armature  Heating, — Short  circuits,  or  improper  connections,  of  the 
armatiire  winding  cause  heating  in  a  particular  spot  on  the  armature. 
Go  over  the  end  clips  on  both  ends  of  the  armature  and  see  that  they  are 
not  bent  together  and  short  circuited.  Make  certain  that  the  collector 
taps  come  out  at  equally  spaced  points,  and  that  the  equalizers  are  sym- 
metrically connected.  In  some  machines  the  relation  of  the  equalizers  to 
the  collector  taps  varies,  repeating  itself  at  regular  intervals  around  the 
armature.  Continued  operation  at  heavy  loads  and  low  power  factor 
produces  excessive  heating  of  the  tap  coils,  and  will  be  apparent  at  equally 
spaced  points  on  the  armature.  Change  the  primary  tap  connections  on 
the  transformer  so  that  better  power  factor  will  be  obtained  at  the  required 
voltage,  or  if  possible  change  the  primary  voltage  at  the  generating  station. 
General  heatmg  of  the  whole  armature  is  caused  by  unequal  air  gap,  a 
grounded  shunt  field  spool,  one  or  more  reversed  spools,  or  a  break  in 
the  field  circuit.  These  troubles  cause  large  circulating  currents  in  the 
armature  winding,  and  through  the  equaUzers.  The  air  gaps  should  not 
vary  over  12  per  cent,  either  way  from  the  average  value.  Check  the 
connections  with  the  connection  diagram,  and  check  the  polarity  by  separ- 
ately exciting  the  field  and  holding  two  iron  rods  against  adjacent  pole 
tips  all  the  way  around.  The  free  ends  of  the  rods  should  attract  eadi 
other.  With  a  steady  cvurent  flowing  through  the  field,  take  the  drop  on 
each  spool  separately  with  a  voltmeter.  A  variation  of  over  9  per  cent, 
in  the  drop  indicates  a  faulty  spool. 

Shunt  Field  Heating. — ^Faulty  spools  or  improper  connections  which 
cause  armature  heating  may  also  cause  heating  of  the  shimt  field.  The 
trouble  should  be  located  by  the  above  outlined  procedure. 

Heating  of  Contacts. — Bolted  contacts  may  heat  if  the  contact  sur- 
faces be  not  clean,  smooth  and  bolted  together  with  sufficient  pressure. 
Particular  care  must  be  taken  with  the  contacts  of  connecting;  strips  for 
pole  piece  bridges  on  machines  which  start^  from  the  altematmg  current 
end  in  order  to  prevent  excessive  heating  during  starting. 

Poor  Commutation. — ^When  the  d.c.  brushes  spark,  the  mechanical 
condition  of  the  converter  should  first  be  gone  over  carefully.  If  the 
brushes  chatter,  the  commutator  should  be  stoned  or  groimd,  and  if  they 
move  up  and  down  in  the  holders  perceptibljr,  it  must  be  turned  before 
grinding.  A  rough  commutator  may  cause  vibration,  in  the  entire  brush 
rigging,  but  vibration  may  also  result  from  loose  assembly  of  the  rig^png 
or  poor  set  up  of  the  machine,  with  insufficient  support  imder  the  pomts 
where  the  weight  rests  on  the  base. 
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FUmH  Olivers. — Arcing  or  "flashing  over"  at  the  rf.c.  brumes  may  be 
caused  by  excessive  overloads  or  short  circuits  on  the  d.c,  system,  or  by 
disturbances  on  the  a.c,  supply  system  due  to  lighting,  switching,  or  acci- 
dents to  other  apparatus.  Protection  against  short  circuits  on  the  dx^ 
system  can  be  obtained  by  increasing  the  resistance  of  the  feeder  to  the 
<fistribution  point  where  the  trouble  is  most  frequent .  Short  feeders  should 
be  avoided,  particularly  in  railway  work.  Set  the  main  circuit  breakers 
at  about  three  times  full  load  and  the  feeder  breakers  as  low  as  possible  for 
continuous  operation.  Ax.  disturbances  should  be  located,  and  reduced 
to  a  minimum.  The  oil  switch  should  be  adjusted  to  trip  instantaneously 
so  that  in  case  of  a  flash  over  the  machine  will  clear  itself  quickly,  and 
the  damage  to  it  will  be  reduc«i  as  much  as  jwssible. 

Sparking  of  A*C.  Brushes. — ^The  ax.  brushes  should  not  be  allowed 
to  M>ark,  as  they  wear  away  rapidly  when  sparking.  Make  certain  that 
the  brushes  move  freely  in  the  holders,  and  that  the  pig  tails  are  not  caught 
on  the  springs  or  on  the  sides  of  the  brush  holders.  See  that  each  brush  is 
running  at  the  proper  pressure.  If  the  collector  rings  be  very  rough  they 
must  \^  ground  or  turned. 

The  synchronous  booster  method  is  particularly  desirable  for  serving 
incandescent  lighting  systems  where  considerable  voltage  variation  is 
required  for  the  compensation  of  drop  in  long  feeders  for  operation  in 
parallel  with  storage  batteries  and  for  electrolytic  work  where  extreme 
variations  in  voltage  are  required  by  changes  in  the  resistance  of  the  electro- 
lytic ceUs. 

Motor  Generator  Sets. — ^These  are  employed  in  preferance 
to  rotary  converters  when  it  is  desirable  that  the  generating; 
element  be  independent  of  the  a.c.  line  voltage  so  that  any  degree 
of  voltage  regtilation  can  be  obtained.  The  following  combina- 
tion of  motor  generators  are  made  and  used  to  sxiit  local  condi- 
tions: 

Synchronous  motor dynamo 

Induction  motor d3mamo 

Direct  current  motor dynamo 

Direct  current  motor alternator 

Synchronous  motor .alternator 

Induction  motor alternator 

An  advantage  of  motor  generator  sets  over  converters  on  high  frequency 
circuits,  is  that  the  generator  can  be  designed  with  a  few  poles  and  brushes 
set  far  apart,  which  greatly  reduces  the  chance  of  flashing  over  in  hunting. 
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Frequency  Changing  Sets. — Sometimes  it  is  necessary  to 

change  from,  say  25  cycles  on  a  power  circtiit  to  60  cycles  fre- 
quency for  lighting.  The  combination  for  effecting  such  change 
consists  of  a  synchronous  motor  and  an  alternator.  If  these 
machines  be  constructed  with  the  proper  difference  in  the  num- 
ber of  pole,  the  desired  frequency  change  will  be  obtained. 
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CHAPTER  104 

Rectifiers 

By  definitioii  a  rectifier  is  a  device  used  to  change  altemoHng 
current  into  a  uni-directional  or  pulsating  current.  The  various 
kinds  of  rectifiers  may  be  classed  as: 

1.  Mechanical  2.  Electrolytic 

3.  Mercury  vapor,  or  mercury  arc        4.  Electro-magnetic. 
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Mechanical  Rectifiers. — This  type  of  rectifier  consists  of  a 
form  of  commutator  operating  in  synchronism  with  the  alternator 
and  commutating  or  rectifying  the  negative  waves  of  the  alternating 
current.  Mechanical  rectifiers  are  iised  on  compositely  excited 
alternators. 


Electrolytic  Rectifiers. — ^If  two  nsetals  be  placed  in  an  elec- 
trolyte and  then  subjected  to  a  definite  difference  of  pressure, 
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Fig.  6,616. — Mechanical  rectifier.  The  rectifier  consists  of  two  castings  M  and  S,  with  teeth 
which  fit  together  as  shown,  being  insulated  so  they  do  not  come  in  contact  with  each  other. 
Every  alternate  tootn,  being  of  the  same  casting,  is  connected  together,  the  same  as  though 
joined  by  a  conducting  wire.  There  are  as  many  teeth  as  there  are  poles.  The  part  M,  of 
the  rectifier  is  connected  to  one  of  the  collector  rings  by  F,  and  the  part  S,  to  the  other  ring 
by  G. 

they  will  (under  certain  conditions)  offer  greater  resistance  to  the 
passage  of  a  current  in  one  direction^  than  in  the  other  direction. 
On  account  of  this  so-called  valve  effect,  electrolj^ic  rectifiers 
are  sometimes  called  'Valves.*' 

When  an  electrolytic  rectifier  is  not  in  use  for  some  time  the  electrodes 
will  lose  the  film;  in  such  case  they  must  be  refonned.  The  loss  of  film 
may  be  prevented  by  removing  the  electrodes  from  the  electrolyte    and 
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[Gel  which  foUDS  the  anode  and  contaJna  the  elec- 

inium  phosphate.     Only  a  short  portion  Bt  tho 

'eBt,  which  IB  rather  smaller  in  diameter,  bems 

IE  glass  aleeve.    In  operation,  a  film  of  normal  bydm- 
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drying  them.    To  preserve  proper  density  of  the  electrolyte,  water  must 
be  added  from  time  to  time  to  make  up  for  evaporation.    Only  pure  water 

should  be  used. 
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If  a  rectifier  heat,  it  is  an  in- 
dication that  it  is  passing  alter- 
nating current,  and  when  this 
condition  obtains ,  if  the  electro- 
lyte be  very  weak  it  will  cause  a 
buzzing  sound.  Operating  a 
rectifier  with  weak  electrolyte 
will  destroy  the  electrodes.  Ex- 
cessive heating  of  the  electrol3rte 
indicates  that  the  rectifier  needs 
I'echarging. 

Mercury  Vapor  (or  Arc) 
Rectifiers.— The  terms 
vapor  or  arc  as  applied  to 
rectifiers,  do  not  indicate  a 
different  principle;  the 
Westinghoiise  Co .  employ  the 
former  term  and  the  General 


Fig.  6,621. — Elementary  diagram  of  mercury  arc  rectifier  connections.  A.A.^  graphite  an- 
odes; B,  mercury  cathode;  C,  small  starting  electrode;  D,  battery  connection;  E  and  F, 
reactance  coils:  G  and  H,  transformer  terminals;  J,  battery.  The  small  starting  electrode 
C,  is  connected  to  one  side  of  the  a.c.  circuit,  tlurough  resistance;  and  by  rocking  the  tube, 
a  slight  arc  is  formed,  which  starts  the  operation  of  the  rectifier  tube.  At  the  instant  the 
terminal  H,  of  the  supply  tranrformer  is  positive,  the  anode  A,  is  then  positive,  and  the  arc 
is  free  to  flow  between  A  and  B.  Following  the  direction  of  the  arrow  still  further,  the 
current  passes  through  the  battery  J,  through  one-half  of  the  main  reactance  cofl  E,  and 
back  to  the  negative  terminal  G,  of  the  transformer.  When  the  impressed  voltage  falls 
below  a  value  sufficient  to  maintain  the  arc  against  the  reverse  pressure  of  the  arc  and  load, 
the  reactance  E,  which  heretofore  has  been  charging,  now  discharges,  the  discharge  current 
being  in  the  same  direction  as  formerly.  This  serves  to  maintain  the  arc  in  the  rectifier 
tube  until  the  pressure  of  the  supply  has  passed  through  4ero,  reversed,  and  built  up  such 
a  value  as  to  cause  the  anode  A,  to  have  a  sufficiently  positive  value  to  start  the  arc  between 
it  and  the  cathode  B.  The  dischai^e  circuit  of  the  reactance  coil  E,  is  now  through  the  arc 
A'B,  instead  of  through  its  former  circuit.  Consequently  the  arc  A'B,  is  now  supplied  with 
current,  partly  from  the  transformer,  and  partly  from  the  reactance  coil  E.  The  new  cir- 
cuit from  the  transformer  is  indicated  by  the  arrows  enclosed  in  circles. 

Figs.  6,619  and  6,620. — Text  continued. 

are  dissolved  place  the  cover  in  position.  The  specific  gravity  of  the  solution  should  be 
1.125.  The  middle  iron  electrode  must  hang  straight  down  in  the  solution  and  not  touch 
either  of  the  other  aluminum  alloy  electrodes.  The  aluminum  alloy  electrodes  are  motmted 
on  an  insulated  bracket  that  slides  up  and  down  on  a  ^"  rod.  This  rod  screws  in  the 
hole  taped  in  the  middle  of  the  cover.  The  electrodes  give  the  best  results  only  when  per- 
fectly smooth.  Should  they  get  rough,  covered  with  a  deposit  or  a  white  coating  remove 
from  the  solution,  and  clean  with  fine  sand  paper.  Finish  with  fine  sand  paper.  Form 
the  film  again  and  the  electrodes  will  be  as  good  as  new.    Clean  iron  electrode  occasionally. 
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Electric  Co.,  the  latter  as  a  distinguishing  title  or  trade  mark. 
Fig.  6,621  is  an  elementary  diagram  of  a  mercury  arc  rectifier 
and  its  operation  is  explained  fully  under  the  illustration. 

In  the  manufacture  of  rectifiers,  other  metals  than  mercury  could  be 
used,  but  they  are  not  because,  on  account  of  the  arc  produced,  they  would 
gradually  wear  away  and  could  not  be  conveniently  replaced.  In  operation 
theheatgenerated  tn  the  bulb  is  dissipated  through  the  tube  to  the  air, 
large  tubes  being  submerged  in  a  tank  of  oil. 


VOLT  METER 


Tectifiet  outfit,  or  chari 
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prraling  devicn.     To  mlart  the  rectifier, 

.  .. eaken  hold  tliB  BtanLng  switsh  in  oppoate 

r . ,  —jV  the  tube  senile  by  yectifier  shaker.    When  the  tube  sUrts,  aa 

position.  Adjust  the  cTiarem?  current  by  meana  <^  fine  regulation  Ewitch  on  th^  ]^ft;  or. 
i£  not  sufficient,  be  one  button  of  coat5e  TeguUiion  ewiich  on  the  right.  The  Tegiilating 
B«itch  may  have  to  be  adjusted  occasionally  during  charge,  if  it  be  desired  to  mamtain 
chareing  amperes  approiimatelj'  constant. 

An  inherent  detect  of  mercury  rectifiers  is  the  reverse  pressure  of  about 
14  volts  produced  by  the  arc  and  which  remains  nearly  constant  for  all 
loads,  resulting  in  decrease  in  commercial  efficiency  on  light  loads. 
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motor  generator  outfit  has  an  efficiency  of  only  40  to  60  per  cent.,  while 
mercujy  vapor  rectifiers  will  have  from  75  to  80  per  cent.  The  capacity  of 
a  rectifier  tube  is  from  40  to  50  amperes.  Rectifiers  are  specially  aesirable 
for  charging  storage  batteries  from  local  ax,  lighting  circuits. 

Electro-Ma^etic  Rectifiers, — ^This  type  of  rectifier  con- 
sists essentially  of  a  double  contact  rocker  which  rocks  on  pivot 


Fig.  6,625. — Diagram  of  Premier  Ampero  electro-magnetic  rectifier.  Owing  to  the  direct 
current  in  the  magnetizing  coils  C  and  C,  one  end  of  SB,  will  be  permanently  of  north  and 
the  other  of  south  polarity;  and  since  the  polarities  of  the  poles  E  and  E',  will  alternate  with 
the  alternations  of  the  transformer  secondary  current.  SB,  will  rock  rapidly  on  its  pivot, 
and  contact  will  be  made  by  turns  with  CS  and  CS'.  The  purpose  of  the  condensers  K  and 
K',  is  to  reduce  the  si>arking  at  these  points.  When  contact  is  made  at  CS,  the  direct  cur- 
rent terminals  T  and  T',  are  connected  to  the  S,  half  of  the  secondary  winding;  and  when 
contact  ia  made  at  CS',  they  are  connected  to  the  S',  half.  Thus  a  rectified  undirectional 
current  will  flow  from  T  and  T',  and  it  may  be  used  to  charge  the  battery  A',  work  a  small 
motor  or  for  various  other  purposes  requiring  direct  current.  When  the  rectifier  is  used  for 
chanpng  storage  batteries,  the  separate  cell  A,  may  sometimes  be  dispensed  with,  the  wind- 
ing C,C/,  being  connected  to  one  of  the  cells  under  charge.  The  rectifier  is  adjusted  to  suit 
the  frequency  of  the  supply  circuit  by  altering  the  distance  of  the^  poles  of  E  and  E',  from 
the  ends  of  the  polarized  armature  SB;  and  also  by  changing  the  tension  of  SP,SP(  by  means 
of  the  screw  studs  against  which  they  bear. 

(midway  between  the  contacts) ,  in  synchronism  with  the  frequency 
of  the  alternating  current  y  so  changing  the  connections  at  the  in- 
stants of  reversals  of  the  alternating  current  that  a  direct  current  is 
obtained. 
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Fig.  6,626. — ^Diagram  of  General  Eleotric  (Batten)  electro-magnetic  rectifier.  It  is  desirable 
for  light  ana  occasional  service,  where  direct  current  is  required  but  only  an  alternating 
■apply  is  available,  being  used  for  charging  storage  batteries,  exciting  spark  xnls,  per- 
forming electrolytic  wofk,  etc.  ^  The  rectifier  consists  of  a  stcb  down  static  transformer 
T*  by  means  of  which  the  circuit  pressure  is  reduced  to  about  50  volts;^  also,  a  polarised 
zday  R,  the  contact  tongue  C  of  which  moves  to  one  side  or  the  other  in  sympathy  with 
the  alternations  of  the  current  in  the  primary  winding  P,  the  secondary  current  induced 
in  the  winding  S  being  thereby  rendered  direct  in  the  outer  circuit,  f,  T'  are  the  main 
terminals  which  are  connected  to  the  alternating  current  su^ly  through  the  wires  W. 
Lamps  inserted  at  L  are  used  as  resistances  in  the  primary  circuit,  the  reduction  of  the 
Tolti^  already  alluded  to  being  effected  by  this  means.  In  charging  storage  batteries 
where  a  low  pressure  is  required,  a  lamp  (or  lamps)  should  be  connected  in  the  secondary 
circuit  as  shown,  S  B  being  the  storam  battery,  and  U  1/  the  lamp  resistances  in  series 
therewith,  the  battery  has  one  end  of  the  secondary  S  connected  to  its  middle.  Thus 
the  alternating  current  leaving  the  transformer  by  the  wire  1,  passes  by  flexible  con- 
nection 2,  to  uie  vibrating  contact  tongue  C  of  the  relay,  the  latter  causing  the  currents 
in  either  direction  to  flow  through  the  two  halves  H,  H'  of  the  battery,  whence  the 
current  re-enters  the  secondary  of  the  transformer  by  the  wire  3.     The  soft  iron  oore 


estremities  of  A  will  be  south.  The  south  ends  of  M^  M  being  in  juxtaposition  with 
tne  centers  of  the  soft  iron  cores  S',  S'  will  render  their  extremities  facing  the  ends  of 
A  of  north  polarity.  The  windings  on  S',  S'  are  connected  in  series  with  each  other, 
and  in  shunt  with  P  across  the  main  terminals  T',  T'.  Then  because  of  the  polariza- 
tion of  A  and  S'^',  the  former  will  vibrate  rapidly  in  sympathy  with  the  alternations 
d  the  current.  K  is  a  condenser  shunted  by  a  lamp  resistance  lA  this  being  found  to 
iuiyauive  the  working  ol  R. 
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D.C. 

Control  and  Indicating 

Apparatus 

For  the  proper  control  and  safe  operation  of  dynamos,  motors, 
and  other  d.   c.   apparatus,  numerous  control  and  indicatii^ 

devices  are  necessary,  such  as 


:8. — Various  switiheB. 


.^. 7  to  6,630,  one  two  and  thiM  pole  single 

throw  knife  switches:  fta,  6,631,  tripEe  poEf ,  double  break,  double  thraw  knife  swiCcii  tor 
heavy  current;  fig.  e.KIZ.  quick  break,  single  pole,  sinels  throw  knifs  ewitch  for  heavy 
cuirent;  fiar.  6,6a3.,(bt«  .pale  sinsle  throw  imfe  switch  with  fuse  _eonnectiom;  figs.  6.7M 

registers  "'on"  or  "ofl";  fig.  6.636,  gas  engine  snap  swl^.  " 
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Control  DevlcM 

Puses 

Ammeters 

Circuit  Breakers 

Voltmeters 

Rheostats 

Wattmeters 

Arresters 

1.   Control  Devices 


Fig.  6,837.— Spool  of  fuw  wire  ujually  mEde  of  an  sHoy  of  tin  and  leid,  such  as  half  end  haH 
eoldet.  BJimuth  ia  frsquently  added  to  the  alloy  to  lower  tho  mtltinB  point.  For  half  and 
half  K>lder  the  meUiog  pofnl  la  370°  Tahr.  The  current  tequired  to  'TjIow"  a  fuse  increases 
■onwwhat  with  tha  age  of  the  fuse  owing  to  oiidatron  and  jnoiecular  change?.  Fuses  aia 
romelime^  latcd  according  to  tho  number  of  ampeie!  to  be  taken  normsJIy  by  the  circuit 
they  aro  to  pralecl.    Oiwn  fuses  are  so  unreliabta  that  circuit  breal«rs  are  prefersble  tor 


6.640.— D  and  WenclDud  ore; 
rn  &e."6.'e46.    Fuses  should  be  place'd  vh< 
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Figs.  6,611  to  6,648. — ^Interior  construction  of  D.  &  W.  fuses,    in  the  manufaetMtre  of  fheae 

fuses,  four  types  of  fuse  link  are  used  according  to  capacity  of  fuse,  and  classified  as:  1,  air 
drum  link;  2,  flat  litik;  3,  multiple  link;  4,  cylinder  link  In  the  air  drum  link,  figs.  A  and 
Bt  a  capsiue  provides  an  air  space  about  the  center  of  the  link,  the  rate  of  heat  conduction 
throtigh  the  confined  air  being  very  slow,  the  temperature  of  that  portion  of  the  link  rises 
rapidly  with  increasing  current,  rendering  the  blowing  point  practically  constant;  fig.  Ci  shows 
a  section  through  the  complete  fuse.  In  the  flat  link,  fig.  D.  the  section  is  reduced  in  the 
center,  cutting  down  as  far  as  possible  the  volume  of  metal  to  be  fused.  Figs.  E  to  Q, 
show  variotis  torms  of  multiple  link  construction.  By  subdividing  the  metal,  increased' 
radiating  surface  is  obtained  which  permits  a  reduction  in  the  volume  of  fusible  metal 
necessary,  and  the  metal  vapor  formed  when  the  fuse  blows  on  heavy  over  load  is  more 
readily  dissipated.  Figs.  F  and  G,  show  two  forms  of  the  cylinder  link,  the  plain  cylinder 
fig.  F,  being  used  for  low  voltage  and  large  current,  and  fig.  G,  for  certain  high  tension 
service.  The  corrugated  cylinder  presents  more  surface  to  the  fuse  filling  than  the  plain 
tyx>e  and  secures  a  maximum  radiating  surface  with  restilting  minimum  volume  of  metal  for 
a  given  cturent. 
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Switches. — A  switch  is  a  device,  By  means  of  which  an  electric 
circuit  may  be  opened  or  closed,  turning  on  and  off  the  current. 
Thereare  numerous  kinds  of  switches. 

A  tingle  pole  stoilch  controls  only  one  of  the  two  wires  o£  "a  circuit;  a 
double  pole  Jin'fcA  controls  both. 

A  two  pole  switck  breaks  the  circuit  with  Itsa  arcing  than  a  single  pole 
switch.  Switches  are  said  to>be  single  or  double  break,  according  as  each 
pole  or  blade  is  confitructed  to  give  one  or  two  breaks,  thus  a  twajxile 
double  break  switcfi  breaks  the  circuit  in  four  places  simultaneously, 
rendering  it  capable  of  stopping  a  heavy  current  without  undue  arcing. 

In  the  quick  break  switch  the  contact  pieces  are  snapped  apart  by  a 
spring  to  reduce  the  'duration  of  the  arc  as  much  as  possible. 


It  of  overloading,  the  I 

ed  fuses  ia  accoToingly  Tecommeoded  v/ 


i.  a.G40.  fuse  for  main  and  branch  blod 
.   ...     „      ,  ._,    ■"■.       .nainstylei.fig.  6,652.  s      ■ 
[i;fig.6.6M.BeUtel<!phmiest  '       *"" 


A  switch  whose  contact  pieces  consist  of  a  pivoted  blade  and  fixed  jaws 
is  called  a  tenife  switch,  and  it  sliauld  be  placed  so  that  gravity  lends  to 

A  double  throw  switch  controls  two  circuits  and  is  used  when  it  is 
desired  to  open  one  circuit  and  quickly  close  another,  for  instance,  in  igni- 
tion, the  engine  is  started  on  the  oattery  circuit  and  then,  the  double  throw 
switch  is  thrown  over  to  the  magneto  side.  Evidently  both  circuits  can- 
not  be  closed  at  thg  same  time  which  is  a  desirable  feature. 

Fuses. — By  definition,  a  fuse  is  simply  a  strip  of  fusible  metal 
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s.6,B«inD6.&.6e*.-~ilagaalc  blotB. 


that  m  conductor  catr^.  .„  _  _ ..  ...  _  . . 

cneUs  to  the  field,  in  op^rttliori,  A  RadK. 
upagwnstF.F.whenthebnBki  '  -  " 
When  the  breaker  tripe,  the 


._ /piece  D,D,  flies  d 

n»rai  F.P;  the  tnagiretio  field  blows  the  arc 

To  trip  thm  brealctr  by  hand,  the  loiob  N , 


:sct  that  is  f  Diced 
-B-P-D,D-F-K. 
ciiey  i)  for  en  aTO 
'hatever  bufnins 


f 


S 


often  consisting  of  lead  with 
a  small  percentage  of  tin 
connected  in  series  in  the 
circuit. 


If  the  temperature  exceed  a  pre- 
determined limit  by  an  abnormal 
increase  of  current,  the  fuse  will 
melt  or  "blow,"  tliua  opening  and 
protecting  the  current.  Allci 


+  pole  of  dynamo. 
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Fig.  8.670.— Starter  with  no  voltMe  releese  for  a  shunt  motor.  The  tennmiila  of  the  motor 
■n  at  M,  M'.  m.  und  those  of  the  Ftarter  at  S.  S'.  j.  The  lever  SA.  b  «howo  in  the  ■'od" 
poilion.  The  current  enters  the  motor  at  the  terminal  M,  and  there  divides,  purt  going 
through  the  field  coil  F.  and  the  main  current  through  the  motor  armBture  A.  The  arma- 
turs  current  enters  the  Etarter  at  the  terminal  E'.  and  travening  the  lever  SA.  leaves  by 
the  terminal  S.  The  field  current  enter?  the  starter  at  the  terminal  >,  traverses  the  coil  of 
-._  ! .^J_. ._....._  -hole  of  the  resistances,  and  through  the  lever  SA™tot1ie"tenni- 

I  cut  off  by  opening  Sff,  or  should  Vnv  field  circuit  be  ascidentnlly 

II  release  a,  and  the  lever,  which  will  thereupon  fly  to  the  ■'off'' 
xA  that  when  SA.  is  off,  A  and  P.  form  a  closed  circiJt  with  the 


is  adopted  to  render  tt 


Pig,  e,a71,— Starter  with  no  voltage  rele 
With  a  ahunt  motor,  the  only 
^P.    nrmild  >ift  AlwnC.  and  tlw  n\^_„,^„  , 


_....    in  the  diagram  would  bo  that  the  i 

wiflding  SE,  wou 

■     ■  .<-....:.,  t-prminnlfl   IW   nnrt   M".       tiVhenSWltCh  bW,  IS  CLl.-.,^,   

J  .     _  lugh  the  magnet  coilm',  of  l>  . 


andthetctminalaS'andM'.  to  the  series  coil  SE  (if  a  compound  motor),  and  armature  A; 
and  part  through  the  no  voltage  magnet  E,  to  the  shunt  winding  SH.  As  the  lever  L.  is 
moved  up  toward  E.  the  effect  is  to  take  R.  out  of  the  armature  circuit  and  put  it  into  the 
shunt  circuit.  When  the  iron  armature  o,  fixed  on  the  switch  lever,  comes  against  the  poles 
at  E,  the  laminated  copper  hrush  C,  bears  against  the  blocks  B,  B,  and  so  affords  a  better 
path  for  the  current  thkn  through  the  spindle  s.     Should  the  supply  voltage  fail,  either 

spring  coiled  round  s-    If  there  should  be  an  overload  on  the  motor,  tending  to  pull  tt  up 

thmugh  m' ,  will  make  it  attract  its  armature,  bo  bringing  two  contacts  tt^ther  at  kT  which 
will  sHort  dreuit  E.  and  allow  the  switch  to  fly  off.    The  connections  between  E  and  «', 


The  actual  f  on 
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Circuit  Breakers. — ^A  circuit  breaker  is  a  switch  which  is 
opened  automatically  when  the  current  or  the  pressure  exceeds 
or  falls  below  a  certain  limit,  or  wHich  can  be  tripped  by  hand. 

The  automatic  operation  depends  on  properly  arranged  electromagnets. 
Circuit  breakers  are  made  to  operate  on  overload  or  underload,  and  a 
reverse  current,  the  latter  type  being  sometimes  called  a  d 
cut  out. 


i  1.  2.  3, 

M  and  S  are  the  terminal 
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it!  wilh  a  re 
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Rheostats. — By  definition, 

box. 


I  rheostat  is  a  variable  resistance 
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a.  number  of  contacts  connecting  difierent  forms  of  the 


A  rheostat  is  connected  in  series  in  a  circuit,  and  when  deigned  to  be 
used  in  startii^  motors  it  is  frequently  called  a  starting  box  or  "starter," 

For  motor  control  a  rheostat  should  be 
provided  with  an  overload  release  and  a 
no-voltage  rdease. 

Lightning  Arresters.— T  h  e  s  e 
devices  provide  paths  by  which  light- 
ning disturbances  or  other  static 
discharges  may  pass  to  the  earth. 

In  general ,  their  construction  comprises 
an  assembly  of  air  gaps,  redstances,  in- 
ductances and  arc  suppression  devices. 
A  lightening  arrester  must  prevent  exces- 
sive pressure  differences  between  line  and 
ground,  and  between  conductor  turns  in 
the  electrical  apparatus. 

An  air  gap  is  frequently  used  to  form 
the  necessary  high  resistance  which  must 


being  fumiahed  with  each  at 

The  top  tray  is  connected  w 

line  thTDuah  A 


-J   the   lank 

whkh  iA  thoroughly 
STOunded  by  means  of 


i-h^Tf 

tray    is    100    Husre 
inches.       The  stupe 


Pic.  «.«7T. — Gtneisl  Electric  1 
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which  must  be  interposed  between  the  ground  and' the  conductor.  The 
resistance  is  such  that  any  voltage  very  much  in  excess  of  the  maximum 
normal  will  cause  .a  discharge  to  ground,  whereas  at  other  times  the  con- 
ductor is  imgroimded  because  of  the  air  gap.  This  forms  the  principle  of 
air  gap  arresters.  There  may  be  one  gap  or  many  in  series,  and  the  gap 
may  be  in  air  or  in  vacuum.  Other  methods  are:  electrolytic,  magnetic 
blow  out,  chpjce  coils,  static  interruptors,  etc. 


Fig.  6,678. — Connections  of  single  coil  astatic  needles.  The  coil  surrounds  the  lower  needle 
and  the  direction  of  the  current  between  the  two  needles  tends  to  turn  them  the  same  way. 

Fig.  6,679. — Connections  of  double  coil  astatic  needles.  With  thi»  arrangement,  the  direc- 
tion of  current  in  both  coils  will  tend  to  turn  the  system  in  the  same  direction,  making  the 
needles  more  sensitive  than  with  a  single  coil  in  fig.  6,678. 
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Fig.  6.680. — Galvanometer  prin- 
ciplee  I'  Effect  of  neighboring  current 
upon  a  magnetic  needle:  The  north 
pole  of  the  needle  will  turn  toward  the 
east,  for  by  Ampere's  rule,  if  a  man 
could  svHm  in  the  conductor  vnth  the 
current,  and  turn  to  face  the  needle,  then 
the  north  pole  of  the  needle  will  be  deflected  toward  kis  left  hand. 

Fig.  6,681  .—Galvanometer  principlea  11.  Effect  of  neighboring  current  in 
a  loop.  In  accordance  with  Ampere 's^rule,  the  upper  wire  causes  the  N^pole  of  the  needle 
to  turn  to  the  left,  while  if  a  man  imagine  himself  swimming  in  the  lower  wure  in  the  diiection 
of  the  current,  and  facing  the  needle  (that  is,  swimming  on  his  hack),  the  N  pole  of  the 
needle  will  turn  to  his  left — that  is  to  the  east.  The  effect  of  the  loop  then  has  douUe 
the  effect  of  the  single  wire  in  fig.  6,dS0< 

Pig.  6,682. — Galvanometer  principles  III,  Effect  of  neighboring  current  in  a  coil.  The 
coil,  as  shown,  is  equivalent  to  several  loops,  that  is,  the  force  tendmg  to  deflect  the  needle 
is  equal  to  that  of  a  single  loop  multiplied  by  the  number  of  turns.  Hence,  by  tising  a  cofl 
with  a  large  number  of  turns,  a  galvanometer  may  be  made  very  sensitive  so  that  the  needle 
will  be  perceptibly  deflected  by  very  feeble  currents. 
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Pro.  S.BS3. — Bieguet  iipiight  salvuiomvter  with.  bUm  ilude. 

Pkj.  6,694,— Bunnell  hoiiiootBlpBlvaoomftw.    IthaitwoeoiUvoneof  Whleh  i»of«TOitdft- 

ance  end  one  of  £f  ty  ohmB  leuitance  adapting  itts  a  variety:  of  teiC. 
Fig.  6,6S5. — Bunnell  galvanometer  foi  meaiuieiaenti  of  initnunents.  Usb,  baCtniei.  wim 

and  Bay  object  from  Vm  to  10,000  obma  or  iKoib. 


Fro.  6.6&a. ^Tangent  galvaiiDmeter.  Ileorulil*  oftihort  magiietic  needle  suspended  at  ths 
center  of  a  coil  of  large  diameter  and  email  crosi  section.  If  the  instrument  be  so  placed  that, 
when  there  is  no  cun-pnt  in  the  coil,  the  suspended  magnet  lies  in  the  plane  of  the  coil,  that  is. 
if  the  plaoe  of  the  coil  be  eet  in  the  magnetic  meridian,  then  the  cunml  fassini  chrouih  Iht 
eoU  U  propattianat  to  the  taiteml  of  the  antli  by  wftic*  Ihe  magnet  it  dticcteifraa  the  ttaii 
i^  the  eoil,  or  eero  position — hence  the  namer  tangent  jgatvanometer. 
Pra.6.6S7. — SffwratvaoomeleT.  Tft«par(«iir«iMLeoiliN.eradasteddialo£mBgnetieneedle 
T.  — ^.._._^  ^:_T,.__^,_,....j^jjjgy^,  „  rotation  necessary  to  bring  the  needle  to  zero  is: 
coill  O  upnght  standard  CBiryicg  coil  and  graduated  dial  of 
'evelling  ecrens.  ttt  operation,  the  coil  is  moved  so  as  to 
.llel  viik  the  coit.    Under  these  circ:iimstance3.  the  strength 
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Fio.  O.eOt.— Qocen  dead  b«i( 

■wingioftCsDeedle.     Tbisi) 
cocoOQ  fibre,  the  eddy  ciufen 


d  halllatlc  ^Ivanometer. 

lei^ht.  so  atiMiged  as  to  b 

btained  hy  hancing  a  beLl  m 


Uiedfi 
Fic.  9,a£ 


—Telescope  method  of  rcodinB  ^^Iva 


..  ^  ....  .mdinB  without  uaeless 
eL]  maflnet  with  its  mirror  by  a  lonff 
brineiE^  the  system  quickly  to  mt. 

the  dischar^  of  a  condenser, 

rr  deflectiDus  by  reflections  of  scale 


iund  hUb  strip,  e  centimetera  wide  by.60  centimeters,  long  with  lona  c 

telewspe  mounted  as  Ohutrated  with  B  miUimeter  scale,  havings 
In  uM.  the  image  <rf  tba  Kola  is  leen  in  the  Balvanomeier  mir 
The  eye  idece  ofthe  telescope  has  a  crass  luir  which  acts  as  a  red 
B  the  particular  divuion  on  the  scale  when  the  (alvanomeiei 
— ■' in  be  readily  obeerred  when  tlie  BalvaoonwlcT  is  defle 


length  of  6( 


ins  the  part 
d^ectionca 
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2.  Indicating  Devices 

Galvanometers. — These  instniments  are  for  indicating  the 
presence  of  an  electric  current  in  a  circuit,  and  determining  its 
direction,  strength  and  pressure,  by  measuring  the  electromagne- 
tic effect  of  the  cxirrent. 

Its  principle  is  that  a  magnetic  needle  is  deflected  when  influenced  by 
an  electromagnetic  field,  and  a  simple  galvanometer  consists  essentially  of 
a  magnetic  needle  suspended  within  a  coil  of  wire  and  free  to  swing  over 
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Figs.  6,696  and  6,697. — Diagrams  of  D'Arsonval  galvanometer.  In  cofutriiction,  the  coil  is 
wound  upon  a  copper  form,  and  suspended  between  a  sermanent  magnet  by  fine  wires  to 
the  points  A  and  a .  The  mafirnet  has  its  TX)les  at  N  and  S.  There  is  a  soft  iron  cylinder  fixed 
between  the  poles  in  order  to  intensify  the  magnetic  field  across  the  air  gaps  in  which  the 
coil  moves.  nV,  x>osition  of  coil  when  no  current  is  flowing;  n'V,  position  when  current  is 
flowing.    This  galvanometer  is  adapted  to  general  use. 

Fig.  6.698. — Diagram  showing  method  of  connecting  galvanometer  shunt.  The  shunt  greatly 
increases  the  range  of  measurement. 

the  face  of  a  graduated  dial.  The  action  of  the  current  was  discovered 
by  Oersted,  Galvanometers  may  be  divided  into  two  general  classes,  as 
those  having:  1,  a  movable  magnet  and  stationary  coil,  and  2,  stationary 
magnet  and  movable  coil;  either  type  may  have  a  short  or  long  coil.  The 
principle  forms  of  galvanometer  are:  1,  astatic;  2,  tangent;  3,  sine;  4, 
differential;  5,  ballistic;  6,  D'Arsonval. 

Ammeters  and  Voltmeters. — ^An  ammeter  or  ampere  meter 
is  simply  a  commercial  form  of  galvanometer  so  constructed 
that  the  deflection  of  the  needle  indicates  directly  the  strength 
of  current  in  amperes. 
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Lc  current  wfll 
sorbed;  the  needl« 
should  be  dead  beat,  and 
sufficiently  Ecnsitive  to  re- 
spond to  minute  variations 
of  current. 

According  to  the  prin- 
ciple of  operation,  am- 
meters and  volt-meters 
are  classified  as: 

1.  Moving  iron; 

2.  Moving  coil; 

3.  Solenoid  or  plun- 
ger; 

4.  Magnetic  vaoe; 

5.  Hot  wire; 

6.  Electrostatic; 

7.  Astatic; 

8.  Inclined  coil; 

9.  Fixed  and  movable 
coil. 

Ammeters  are  connected 
in  teriea  in  the  circuit,  or 
in  thunt;  according  as 
they  are  designed  to  re- 
ceive all  or  only  a  fraction 
of  the  current. 

A  voltmeter  has  a  high 
resistance  coil  instead  of 
one  of  low  resistance,  so 
thatvery  little  current  will 
pass  through  it. 

If  a  high  resistance  be 
connected  in  series  with  a 
sensitive  ammeter  that  will 
measure  very  small  cur- 
reiits,  then   the   current 
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llie  movable  coil  is  connected  in  the  current  circuit,  and  the 
fixed  coil  in  the  pressure  circuit,  or  the  reverse.  The  induction 
type  is  used  on  alternating  current  circuits.  In  this  type, 
electromagnets  are  arranged  near  a  vane  in  which  eddy  currents 


-& 


^ 


l/)00  Ampere  Type  fl  Shunt  100  Ampere  Type  D  Shunt 

T  and  e.TOS.— WeatioghcRue  ammeter  shunts.    These  shunts  are  used  when  harj 


neasund,  a 


s  with  the  bus  bar  or  ci 


^:  ^z^ 


3» 


where  the  voLtaee  is  to  be  meuurvd* 

"  or  (all in  voltage  in  acertHin  length 
_AimdB.  The  voltmeter  i«  iJkHiUnl 
o  be  meaeured. 
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lI^-r-Diajirun,  of  Si^ 


sucli  d  my  that  a  toniue  a 
produced  betnenthetwo  coils 
—■■'-■■ Htheproductof 


mal  nlative  pontions, 


onnected  in  B( 


.^nd /the  leading  is  then  pro- 
'^porttoTial  to  th«  Equare  of  the 
cuij«it7l[  usedu  a  uomulff . 
,  on9  Qoil  carrwB  the  71m  iit  cur- 
rent and  the  other  a  small 
current,  which  is  trrpportional 
to  the  pressure.  The  leading 
H  then  proprntional  to   the 


la  of   Siemens'  electro-dynamoEoeter  as   arranged 

are  caused  to  flow  which 
react  on  the  magnetic  field, 
and  the  record  made  is  pro- 
portional to  the  force  of  the 
reaction.  A  recording  watt- 
meter is  one  that  will  regis- 
ter the  watt-hours  expended 
during  an  interval  of  time. 

Plc.  6,713— Kelvin  eladraslatlc  volt- 


meter 

•«s?.r.;s 

one*  whi 

"'"S/wt 

two  fij 

pointa 

and  having  a  proper  weight 
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Fio.  8,714, — Interior  view  of  Columbia  watt  hour  meter  Bhowmgeooitruction,  principal  porti, 
Bnd  coimectioTi^.  The  Brnta.tiiie  winding  consists  of  three  coils  Bppnninutely  circiJar  in 
■hape.  The  coils  are  farm  wound,  interlocked  with  one  another  and  with  the  iKht  imprHf 
nsted  fibr^  digc  which  serves  as  a  spacer  for  them.  The  Bltuainunl  damper  due  has  the 
conventional  anti-creep  provision  in  the  shape  of  the  threa  small  soft  iron  pliiBB,  mounted 
close  to  the  central  staff.  The  commutator  has  three  segmsnts  and  is  made  of  chemical!/ 
puTBBiiver.  Each  brush  is  formed  of  a  length  of  phosphOT  bronio  wire  bent  like  a  hair  pin 
and  secured  at  ils  "V"  end  to  a  brass  sleeve.  which_in  turn  is  secured  to  an  insulated  stud 


0 

/r"^ 

Y^^° 

( 

KILOWATT    HOURS 

e 

>■ — Watt  hour  meterncordine  dials.  To  raodtham 
r  each  dial  tba  tower  &ure  next  to  each  hand,  not  ns 
In  the  nboTo  eiainple  Ihs  stsUment  is  1 ,72*  kilowatt ) 
t  the  previotis  statement  to  amve  at  rKistiation  for  . 
iect  to  a  multiplyins  constant  so  stated  on  their  facf 
nust  be  niultii&d  t^  ths  constant  as  show 
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FiQ.  fl.710. — Diasrun  (bowinc  intaiMl  connect- 
ion  of  the  Duneui  mtt  hour  mstsr.  Iti  open- 
tion  depends  upon  the  prindiile  d  the  well 
known  electro-dyiuunometer,  in  wbich  the 
eltctro-maenetic  action  between  the  cutnota 
in  the  field  colli  and  an  annatun  induces 
motion  in  the  latter.  It  alio  embodies  the 
other  two  Dccessanr  watt  hour  meter  elements 
requited  tor  the  need  contnl  an  ' 
ot  the  revohitions  <if  tbearmatui 
embodied  in  the  dras  magnet  i 
the  meter  register  respecUvelif . 


Fig.  654.— Interior  view  of  Thomp- 
son watt  luniT  meter  Itype  C-O). 
Capacity:  5  to  600  amperes,  two 
— —    --■*  •■  '-  "-^  -unperea,  t' 


□pper  one  of  which  ie  keybolcd, 
and  the  lower  right  hand  one 
slotted.     ThLi  permits  rapid  and 


Pic.  656.— Interior  of  Thompson  wiittlvMir  meter  (type  C.6)  showing  Mmature.  small  eomrnii- 

construction  adopted  in  this  meter.  The  armatuni  is  wound  an  a  very  thin  paper  shell, 
Bt^  enough  to  withstand  the  strain  due  to  winding  and  subsequent  handling.  The  wire 
composing  the  Hjtnature  is  of  the  smallest  gau^e  conHiatent  with  mechanical  strength. 
Ribbon  wire  b  employed  for  the  field  coils,  thus  economiiing  space  and  further  cairyint: 
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CHAPTER   106 

A.C.  Control  and 
Indicating  Apparatus 

Various  devices  are  required  for  the  proper  control  of  the 
alternating  current,  such  as, 


Pigs.  6,718  to  6,720.— Vajious  single  throw  switches.     Fig.  9.718.  single  pole:  fig.  6,719. 
double  polei  fig.  6,720.  three  pole.    A  liitilt  pole  switch  jAcnJd  only  bt  used  for  sav  Uw 


1,  Switching  devices; 

a.  Ordinary  switches;  6.  Oil  break  switches; 

c.  Remote  contnd  Bwitches. 

2.  Current  or  pressure  limiting  devices; 

a.  Fuses;  b.  Reactances;         c.   Circuit  breakers;         d.  Relays. 


3;576  -  216 
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3.  Lightning  protection  devices; 

a.  Air  gap  arresters; 

h.  Multi-gap  arresters; 

c,  Horn  gap  arresters; 

d,  Electrolytic  arresters; 

e,  Vacutim  tube  arresters; 
/.  Choke  coils; 

g,  "Static"  interrupters. 

4.  Regulating  devices; 

a.  Induction  voltage  regulators;  e.  Small  feeder  voltage  r^fulators; 

h.  Variable  ratio  transformer  /.  Automatic  voltage  regulators; 

regulators  teiST'  {•  ^J't^^  compensators; 

c.  CompensatioiSSTs;  *•  Startmg compensators; 

..Pole^pe regulators;'  ^^  rA=i>ur^"eL^^ 


nn 


j^ 


^ 


Figs.  6,721  and  6.722.— Various  single  pole  switches.    Fig.  6,721,  single  tbrow;  fig.  6,722 
double  throw. 


UPPER  CX)NTACr 
AND  RECEPTACLE 


PRESSBOARO  WASHER 


PORCELAIN 
WASHER 


OILED  PAPER 
BUSHING 


PORCCLAIM 
HEAD 


^ 


Figs.  6,723  and  6,724. — Enclosed  arc  bus,  transfer  plug  switch.    The  current  is.supplied  m  a 
tube  enclosed  at  one  end,  thereby  confining  the  are  and  limiting  the  supply  of  air. 
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6.  Indicating  devices;  ' 

{plttn0er  tjrpe; 
inclined  coU  type; 
magnetic  vane  type; 

6.  Hot  wire  instruments; 

c.  Induction  instruments  {^'^^f^' 

d.  Dynamometers; 

e.  Lostrument  transformers;    . 

(commutator  type; 
induction  type; 
Pumday  disc  type; 

{synchronous  motor  type; 
resonance  type; 
induction  type; 

Ilamp  type; 
rotating  field  type; 
i.  Power  factor  indicators  {Jjr^lgj^^g^. 

jf.  Ground  detectors; 

It.  Earth  leakage  cut  outs; 

/•  Oscillographs. 


i.  Switching  Devices 


Pig.  0,726.-^Hom  break  switch.  In 
operation,  the  arc  formed  ftt4}reak 
starts  between  the  horns  where  they 
are  near  together  and  rises  between 
them  until  it  becomes  so  attenuated 
that  it  is  extinguished.  Reason: 
Because  an  arc  will  travel  so  as  to 
embrace  the  largest  possible  number 
of  lines  offeree  set  up  by  the  current 
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A  switch  is  a  piece  of  apparatus  for  making,  breaking, , 
ing  the  connections  in  an  eUctric  circuit. 


■  chang- 


of  such  action  depending  o  „  .  , 

terminals.     Accordingly,  in  switch   design,   provision  roust  be  oiade  to 

counteract  these  tendencies.    Thus, 

1.  The  contacts  should  separate  along  their  entire  length,  rather  than 


3.  The  break  should  be  quick; 


A  great  variety  of  switches  have  been  introdut^  t 


t  the  diSaetit 
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reqiurementi.  Knife  switcbei  are  uied  for  low  pre— Ufa  service,  the  nutl- 
tijJe  break  form  being  used  wbere  it  is  desired  to  reduce  the  arcing  distance. 
uife  switches  ilioula  open  downward  so  gravity  will  keep  th^  open. 

Forma  fif  Break. — On  h^h  pressure  circuits  there  are  several 
types  of  switch;  they  are  classified  wtth  respect  to  tiu  break, 
that  is  to  say,  accori^ng  as  the  break  takes  place. 


1.  In  open  air; 

2.  In  an  enclosed  air  space; 

3.  Aided  by  a  metal  fuse: 


4.  Aided  by  a  hcnn; 

5.  Lioil. 


CAM  ACTUATED 
3I  hand  opttated  oil  EWitch. 
1I  (electric)  pDwEt  c^wnUd  «!  nrit 


If  the  break  take  E^ace  in  open  air,  a  relatively  long  gap  is  required  to 
extinguish  the  arc.  The  enclosed  air  break  switdi  is  more  compact.  The 
opening  arm  of  a  metal  fuse  break  switdi  draws  the  fuse  throimh  a  tube 
thus  opening  the  drcuit  without  much  distiu-bance.  In  a  hom  gap  switch, 
the  arc  formed  on  breaking  the  circuit,  as  it  travels  toward  the  extremities 
of  the  horns,  becomes  attenuated  and  is  finally  ruptured. 

An  oil  switch  is  one  in  which  the  break  occurs  under  oil;  it  is  used  almost 
universally  on  high  pressure  ax.  circuits. 


J 
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Remote  QHitrol.' — It  is  desirable  in  the  case  of  switches  oq 
■  high^ pressure!  circuitsVfilOO  volts  and' oyer)  to  locate  the^parts 
which  carry  the  high  pressure  current  at  some  distance  from  the 
'smtekboard  in  ordtr  that  they  may  beoperated  tfkh  safety. 

'  Trhey  mayW  otfeated  eithra-'fey  Kaid'or  bj^  power.    Electricity  or  com- 
-  ^  ■    —  -  d  for  power  cMttrdl.  .  '  ■  . 


Fio.  6.730.— pBci£a  otf  laUch  aith  aoltnold  conlrol.  deiigiMd  for  flO.OoA  and  70.000  volt 
iuulluioiu;  itu  cipable  of  tumdBng  a  25.000  kw.  gcDeratinE  ststioo.  The  break  iilioH- 
KODtal,  nude  by  tttt  rotataoD  of  a  flat  Dienrbcr  ei4<eivufi  through  the  oil.    Theaolmoid.  at  its 


n.  lis)  a  fm  start  before  contniencing  to  move  the  control  parts  ol  tbt 
ta  begin  to  offer  the  gieateit  resiilanoe,  the  tnHgnitic  action  i»,  of  coiuse.  moat  powwfal. 


2.  Current  and  Pressure  Limiting 
Devices 

The  importance  oi  current  and  pressure  limiting  devices  is  to 
,  protect  circuits  from  overheating  due  to  abnormcU  citrreht. 

Fuses. — A  fuse  is  "an  electrical  safety  valve,"  or  wire  or  strip 
•  of  metal  in  a  cut-out,  which  may  bejused  by  an  excessive  current 


L 


shall  bt  abla-l 


'~ti>  break  not  .01 


A.C^ 'APPARATUS - 


221-Sj%l': 


For  large  currents ,  circuit  breakers  shoulcL  be  us^  in  pl^ce  of 
fuses. 


Current    Limiting    Inductanqes. — These    are    sometimes 
called  rmctUnees,  and  are  used  to  protect  aliemaiors  front  high 


6,731.— Ping  fliM.    It  i*  pUcadin  ebcuH  br  •crawins  it  into  b  loclut. 

6.732.— Ouick  bieok  fun.  Ths  fan  win  is  connected  betveen  the  fixed  teminal  A 
d  the  movubleum  B.  and  u  held  under  tendon  by  the  ■pring  which  exerts  preuuTe  on  the 

ivBbtearminadiKctioQtendiiigtoKpmteAiuldB.  MofMraMBn,  when  the  fuse  blows. 
g  DDVsble  ami  quicldr  movca  to  the  poution  B',  thus  attSDuttiog  the  aic  and  sccelerating 
extinguishment. 


(nl 


n 


it  ttrminals.    This  t/pa  is  oftea 
1  that  it  is  only  ponible  to  place 


Fic.  6,734.— Noai 


...  , ugh  the  square  boles  in  the 

ot  the  (eriule  R.  and  an  riveted  to  the 
a  plate  T.  A  vent  screen  pnvents  the 
e  ot  the  granular  mH.terial  tbiottgh  vent 
A.  but  peimit!  vapor  to  pass. 


f. 
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Fios.  fl.738  to  B,744.  -General  Electric  instantaneou!  overload  tinott  ojwntnv leUys.  coven 

removed.  Circuit  openinf^  reU^  an  u»d  chiefly  In  tho»  casea  where  direct  current  for 
tbo  tripping  circuit  is  not  avaUable.  AltemMing  current  trip  coilj  have  relatively  high 
inipedancs  and  imposs  a  heavy  volt  ampere  load  on  the  current  tiansfonaers.  To  reduca 
thii  load  durios  nonnal  operation  the  circuit  opening  relay  is  frequently  used  and  ii  usu- 

fonnen  as  the  trig  cdls  5  the  ^sreatest  accuracy  be  inquired.  The  relay  contacts  in  the 
normal,  closed  poaition.  short  circuits  the  trip  coil.  Whtn  the  nlay  operates  on  overload 
ot  other  abnonnal  condiUon  the  contacts  are  cmened  with  a  quiclc  biealt,  sending  the  current 
through  the  trip  coil  circuit  momentarily  and  tripping  the  switch.  With  circuit  opening 
r&ys,  the  trip  coils  o(  the  oil  Bwitch  must  be  set  to  trip  somewhat  lower  than  the  aettiog 
o(  the  relay.  In  coiutruclloa  the  relay  consistsot  a  lolenoid  with  iron  frame  forming  the 
support  for  the  relay;  a  central  plunjier  ot  armature  of  special  cnnjlruction  which  is  piclced 
up  or  released  by  the  magnetic  action  of  the  solenoid;  a  plunger  rod  which  actuatei  the 
relay  contacts,  which  ara  mounted  on  an  insulated  base  usually  above  the  solenoid',  a  tube 
or  plate  for  the  calibration  marking  and  adjustment;  covers  o£  glass  or  metat  to  keep  out  dust. 

frequency  surges  coming 
in  from  the  outside,  and 
to  limit  the  current  from 
other  machines. 

As  usually  constructed ,  a 
reactance  ocMisista  o£  bare 
stranded  cable  wound 
around  a  concrete  core  and 
held  in  place  by  wooden 
supports. 

'       Circuit    Brealcers.— 

By  definition,  a  circuit 

breaker  is  a  device,  which 
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dutornatically  opens  the  circuit  in  event  of  abnormal  conditions^ 
in  fhe  circuit,.^. 

The  arc  may  be  bioken:  1,  by  magnetic  blow  out,  2,  by  thermal  l>feak;^or 
3,  by  carbon  break.  In  the  carbon  break  the  arc  is  progressively  broken 
through :  1 ,  main  contacts ,  2  ^  intermediate  contacts ,  and  3 ,  carbon  contacts . 

Automatic  Control  of  Circuit  Breakipr^.-^This  is  secured 
by  the  use  of  solenoids  or  trip  coils.  These  coils  may  be  wound 
in  series  or  in  shunt  with  the  main  circuit,  or  in  shunt  with  aa 
auxiliary  circuit. 


CLOSED   POSmOH 


HANDLE 


OPEM  POSITION 


Figs.  6,754  and  6,755. — ^Eletnentary  circuit  breaker  with  magrnet  and  latch  control.  The 
toffgle  gives  sufficient  leverage  to  easily  close  switch  <igainst  pressure  of  brush  contact.  The 
rofierR,  engages  latch  arm  M,  and  reduces  friction.  In  operation,  when  the  current  ex- 
ceeds a  pre-determined  limit,  the  magnet  attracts  the  latch  and  releases  the  c<>ntact  arm. 
The  brush  contacts  which  are  exerting  pressure  against  the  contact  arm,  rapidly  push  it 
away,  and  assisted  by  gravity,  the  arm  nies  oi>en  to  the  position  shown  in  fig.  6,765. 


The  automatic  controls  arising  from  these  connections  give 
various  kinds  of  protection  to  the  circuit  and  are  known  as 

1.  Overload  trip;  3.  Low  voltage  trip; 

2.  Underioad  trip;  4.  Auxiliary  circuit  trip. 
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jR^ay*.— %  defi- 
,:.pitMp.-.a  .T^lay  is  a 
device  which  opena 
or  cloaet  an  auxU- 
-  iOrj/  circuit  under 
pre-determined  elec- 
trical conditions  in 
the  main  circuit. 
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The  object  of  a  relay 
is  generaUjr  to  act  as  a 
sort  of  electrical  multi' 
plier,  that  ia  to  say ,  it 
entMttacomparativdy 
weak  current  to  brine 
into  operation  a  mueh 
tirimger  current. 


There  a 
types  of  relay  the  fea- 
tures of  which  are  here 
briefly  given. 


Protective     Re- 
lays.— These    are 
used  to  protect  cir- 
|||     cuits  from  abnormal 

ill 

111 


E . —oa  break  «witchM 
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conditions  of  voltage,  or  current,  which  would  be  undesirable  or 
dangerouis  to  the  circuit  and  apparatus  contained  therein. 

Regulative  Relays. — This  class  of  relay  is  used  to  control 
the  condition  of  a  main  circuit  through  control  devices  operated  by 
a  secondary  circuit. 

Communicative  Relays. — These  are  used  for  signalling  in  a 
great  variety  of  ways  to  indicate  the  position  of  switching  appar- 
atus or  pre'determining  the  condition  of  electric  circuits. 

Circuit  Opening  Relays. — The  duty  of  a  circuit  opening 
relay  is  to  open  the  auxiliary  circuit,  usually  alternating  current 
is  used,  and  thereby  cause  the  oil  svtritch  or  circuit  breaker  to  be 
opened  by  the  use  of  a  trip  coil  in  the  secondary  of  a  current  trans- 
former, or  by  low  voltage  release  coil. 

Circuit  Closing  Relays. — The  duty  of  a  circuit  closing  relay 
is  to  close  the  auxiliary  circuit  at  the  time  when  the  pre-deter- 
mined  abnormal  condition  is  reached  in  the  primary  circuit.  The 
closing  of  the  auxiliary  circuit  energizes  the  trip  coil  and  opens 
the  breaker. 

Primary  and  Secondary  Relays. — Primary  relays  are  some- 
times called  series,  relays  as  they  have  the  current  coils  con- 
nected directly  in  series  with  the  line,  both  on  high  and  low  ten- 
sion circuits. 

Secondary  relays  receive  their  current  supply  from  the  secondary  cir- 
cuits of  current  transformers.  Alternating  current  relays  connected  to 
secondary  of  pressure  transformers  and  relays  with  both  current  and 
pressure  windings  are  included  in  this  class. 
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Overload  Relays. — Series  relays  are  connected  directly  in 
series  with  the  line  and  are  chiefly  used  with  high  pressure  oil 
break  switches  for  overload  protection. 

If  current  transformers  are  to  be  used  on  the  same  circuits  for  other 
purposes,  and  have  sufficient  capacity  to  admit  of  adding  a  relay  coil, 
secondary  relays  would  be  more  economical;  otherwise,  the  series  relays 
are  less  expensive. 

By  means  of  a  specially  treated  wooden  rod,  the  relay  operates  a  tripping 
switch,  closing  a  separate  tripping  circuit,  usually  125  or  250  volts  cUrect 
current.  Series  relays  are  essentially  the  same  as  secondary  relays  except 
in  the  coil  winding  and  insulation. 
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Fig.  6,758. — Diagram  showing  storage  battery  and  charging  dynamo  protected  by  double  polm 
Bingle  coii  underload  circuit  breaker.  In  operation,  the  circuit  breaker  disconnects 
the  battery  when  fully  charged,  and  protects  the  dynamo  from  reverse  current. 

Underload  Relays. — These  are  similar  in  construction  to 
low  voltage  relays  but  have  current  instead  of  pressure  windings. 

Over  Voltage  Relays. — These  are  usually  of  the  circuit 
closing  type  and  are  similar  to  secondary  overload  relays,  but 
have  pressure  instead  of  current  windings. 


Low  Voltage  Relays. — ^Relays  of  this  class  are  in  most  cases 
used  for  the  protection  of  motors  in  the  event  of  a  temporary  weak- 
ening or  failure  of  the  pressure. 
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They  are  also  used,  in  coxmection  with  a  low  vcdtage  release  or  shttot 
trip  coil  on  an  oil  switch  or  a  circvut  breaker.  > 

Reverse  Energy  Relays.— The  chief  object  of  this  species  of 
relay  is  to  protect  the  generator. 

When  so  used,  the  overload  adjustment  is  set  at  the  maximum  value 
to  give  overload  protection  only  at  the  maximum  carrying  capacity  of 
the  generator  and  a  sensitive  reverse  protection  to  prevent  a  return  of 
energy  from  the  line. 

Reverse  Phase  Relays. — ^This  type  of  relay  is  used  chiefly 
to  prevent  damage  in  case  of  reversal  of  leads  in  reconnecting 
wiring  to  two  or  three  phase  motors. 

Differential  Relays. — In  this  t3^e  there  are  two  electro- 


FiGj  6,759.  —  Elementary 
differential  relay  trans- 
former for  reverse  cturent 
drcuxt  breaker  or  dis- 
ciiminatingcutout.  The 
windings  oppose  each 
other,  should  either  wind- 
ing become  stronger  or 
weaker  than  the  other, 
the  balance  is  upset,  the 
magnet  is  energized,  and 
the  relay  comes  into 
operation.  A  modifica- 
tion of  such  a  relay  for 
alternating  cturent  is  here 
shown. 


magnets.  In  normal  working  these  oppose  and  neutralize  each 
other.  Should,  however,  either  winding  become  stronger  or 
weaker  than  the  other,  the  balance  is  upset,  the  magnet  ener- 
gized, and  the  relay  comes  into  operation. 

Instantaneous  Relays. — The  so-called  instantaneous  relays 
operate  almost  instantly  on  the  occurrence  of  the  abnormal 
condition  that  they  are  to  control. 
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.   Time  Limit  Relays. — Under  this  classification  there  are  two 
sub-divisions:  1,  definite  time  limit,  2,  inverse  time  limit. 

The  definite  time  limit  mechanism  consists  of  an  air  dash  pot,  and  an 
air  diaphragm  or  equivalent  retarding  device'  Connected  to  the-  contact 
mechanism. 

The  inverse  time  limit  mechanisn  is  attached  directly  to  an  air  bellows 
and  in  operation  tends  to  compress  the  bellows  against  the  action  of  a 
specially  constructed  escape  valve  in  the  latter.  Sometimes  a  damping 
magnet  which  acts  on  a  disc  or  drum  is  used. 
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NON-ARCING  METAL  CYLINDERS 

Pig.  0,760. — ^Nob^nnng  multigap  arrester.  Based  on.  the  principle  of  em^lo^g  fortht 
terminals  across  ibhich  the  arc  is  formed,  stuh  metaU  as-  are  least  captMe  of  matntainin^  an 
alfemating  arc  bitwten  them.  The  action  is«ucitthat  the  "line  current"  which  ^follows  the 
liffhtning  discharge  fdllows  as  an  arc,  but  is  stopped  at  the  end  of  qpe  alternation  becatise 
of  the  property  ot  the  non-arcing  metals  to  carry  an  s^fc  in  one  direction,  but  requiring  an 
extremely  high  voltage  to  start  a  reverse  arc. 

* 

3.  Lightning  Protection  Devices 

The  devices  are  ordinarily  called  lightning  arresters.  In  opera- 
tion they  provide  a  path  by  which  the  lightning  disturbances  or 
other  static  discharges  may  pass  to  the  earth. 
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NON-ARaNGMOALaUNDERS    *  SERIES  RESISTANCE 

-FtG.  6,761. — ^Low  equivalent  multigap  arrester.  About  half  of  the  total  number  of  gsyps  are 
shunted  b;y'a  resistance,  and  ianother  resistance  inserted  between  the  cylinders  and  the 
ean^.  With  this  arrangement  the  middle  point  is  at  groundpressure,  and  there  are  between 
line'tind  ground  only  one  half  of  the  total  number  of  gaps.  ^  The  introduction  of  synchronous 
motoi^s  'mfule  it  necessary  that  the  arc  should  be  extinguished  immediately,  otherwise  the  i 
■  synchronoos  motors  and  converters  would  drop  out  of  step,  and  the  system  would  in  this  ' 
way  be  shut  down.    To  insure  the. breaking  of. the  arc,  the  resistance  was  added  as  shown. 
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In  general,  the  construction  of  lightning  arresters  comprises:  1,  air 
gaps,  2,  resistances,  3,  inductances,  4,  arc  suppressing  devices. 

Air  Gap  Arresters. — ^A  method  of  relieving  any  abnormal 
pressure  condition  is  to  connect  a  discharge  air  gap  between  some 
point  on  an  electric  conductor  and  the  ground. 

The  resistance  thus  interposed  between  the  grotmd  and  the  conductor 
is  such  that  Bxiy  voltage  very  much  in  excess  of  the  maximum  normal 
will  cause  a  discharge  to  ground,  whereas  at  other  times  the  conductor 
is  ungrotmded  because  of  the  air  gap. 
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Pig.  6,762.— Horn  gap  arrester,  diagram  showing  arrester  and  connections  between  line  and 
ground.  The  horn  type  arrester  was  invented  by  Oelschlaeger  for  the  Allgemeine  ^ec- 
tricitaets  GeseUschaft,  and  like  the  Thomson  arc  circuit  arrester,  it9  operation  is  based 
on  the  fact  that  a  short  circuit  once  started  at  the  base^  the  heat  generated  by  the  arc  will  cause  it  to 
travel  upward  until  it  becomes  so  attenuated  that  it  is  ruptured.  On  circuits  of  high  voltage 
this  rupture  sometimes  takes  a  second  or  two,  but  seems  to  act  with  little  disturbance  of  the 
line.    SometimmB  a  water  resistance  is  used,  a  choke  coil  being  inserted  in  the  circuit  in  series. 

Multi-Gap  Arresters. — ^These  consist  of  a  number  of  cylin- 
ders spaced  with  a  small  air  gap  between  them  and  placed  between 
the  line  to  be  protected  and  the  ground,  or  between  line  and  line. 

In  operation,  the  multi-gap  arrester  discharges  at  a  much  lower  voltage 
than  would  a  single  gap  having  a  length  eqtml  to  the  stun  of  the  small 
gaps. 

Horn  Gap  Arresters. — ^A  hom  gap  arrester  consists  essen- 
tially of  two  horn  shaped  terminals  forming  an  atr  gap  of  variable 
length,  one  horn  being  connected  to  the  line  to  be  protected  and  the 
other  to  the  ground  usually  through  a  series  resistance. 


A.C.  APPARATUS 


In  operation,  the  asc,  due  to  the  line 
current  which  follows  b  discharge,  rises 
between  the  diverging  homs  and  becoming 
more  and  more  attenttated  is  finally  ex- 
tinguished. 

It  is  used  as  an  emergency  arrester  on 
some  overhead  lines,  to  operateonly  when 
a  ^ut  down  is  unavoidable. 


Electrolytic  Arresters.— The  ac- 
tion of  these  arresters  defends  on 
the  phenomenon  that  a  non-conducting 
film  is  formed  on  the  surface  of  alum- 
inum when  immersed  in  certain 
electrolytes. 


Fic.  e.T63. — Cntt  section  of  General  Elsctric  dum' 
inum  tiactrolfib!  ■mster.  In  prtnc^U,  it*, 
operation  depeoda  on  ths  phenomenon  that  a' 
mm-amilaclinl  film  is  formtd  ott  the  smfact  if/alum^ 
■sum  bjAoi  imnuriid  in  urlaiii  ^tc^olyla. 


Ptc.  6.TM. — General  Electric  raagnetM  bloii 

of  a  amall  spark  gap  which  ii  in  seriea  witl , 

The  spaflc  ^p  and  the  magnet  are  mounted  vithin  procelain  blodcs  in  Budi  a  . — ,  __.. 
the  diachaise  arc  is  biovnx  by  the  nugoet  througjb  an  are  cbula  and  a  cooliag  grid  whuji  ii 
also  held  by  the  porcelain. 

NOTE. — GroiiTid  Coniuctlotit. — In  all  arrester  tostaUatioos  good  sroimnd  eonnetiona 
ai«  important.  Instead  of  the  customary  ground  plate,  a  better  ground  connection  is  mads 
by  driving  a  number  of  one  inch  iron  pipes  auc  or  eight  feet  into  the  earth  sur 
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Choke  Colls. — Because  of  its  property  of  self-induction,  a 
choke  coil  will  offer  a  relatively  high  resistance  to  the  passage  of 
lightning  and  at  the  same  time  allow  free  passage  to  all  ordinary 
electric  currents. 
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Fig.  8,767. — Diagram  showing  eonneetio 


Is.    Fig,  0.785,  I 
int«Tui)tcrforpi 


"Static"  Interrupters." — A  static  interrupter  is  a  combination 
of  a  choke  coil  and  a  condenser,  the  two  being  mounted  together 
and  placed  in  a  tank  and  ojt insulated. 

It  is  used  on  high  pressure  circuits  and  its  function  is  to  so  delay  the 
erroneously  t^ed  "static"  wave  in  its  entiy  into  the  transformer  coil, 
that  a  considerable  portion  of  the  latter  will  become  charged  before  the 
terminal  will  have  reached  full  pressure. 


L 


4,  Regulating  Devices 

Regulation  of  Alternators.— Practically  all  the  methods 
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employed  for  regulating  the  voltage  of  dynamos  and  d.c.  cir- 
cuits, are  applicable'  to  altematpra  and  a.c.  drcjiits. 

Pot  CKample,  in  order  that  they  shall  automatically  maintain  a  con- 
stant or  rising  voltage  with  increase  of  load,  alternators  are  provided 
-with  composite  winding  similar  to  the  compound  winding  of  dynaxaos, 
but  since  the  O.c,  cannot  be  used  directly  for  exciting  the  field  magnets, 
an  accessory  apparatus  is  required  to  rectify  it  or  change  it '  '  ' 
"'■ "' ""  'tt  that  purr """ 


it  is  used  for  that  purpose. 


It  is  s  fact,  however,  that  composite 
wound  alternators  do  not  regulate 
properly  for  inductive  as  well  as  non- 
inductive  loads. 

In  order  to  overcome  this  defect 
compensated  field  alternators  have 
been   designed    which    automatically 

-^'--t  the  volta-  ' "  — '-"■■ — 

d  and  lag. 

A.  C.  Feeder  Regulation.— 

With  slight  modification,  the 
various  methods  of  feeder  regu- 
lation employed  with  d.c,  may 
be  applied  to  a.c.  distribution 
circuits. 

For  instance,  if  a  non-inductive  re- 
sistance be  introduced  in  any  electric 
circuit ,  the  consequent  drop  in  voltage 
will  be  equal  to  the  current  multlpUed 
by  the  resistance.    Therefore,  feeder 

Fro.  0,798. — DiBgniBWiu(raJin(tt(M>wUI«  q/liWuctton  toUag*  rtaalalof.  Tha  prt- 
mataeea  P,  coialiltiit  a/ many  turn  rfSM  virt.  is  connwted  acms  ^e  nuin  conductor!  C 
uu  D,  comins  from  tba  sUcniator.  TA*  ncOHdarg  eolt  S,  consislint  ef  a  fra  tana  of 
*(a*y«rfr<,iBCoiuiBctcdmieria*wi[litIteciHiductor  D.  TheluninatediioncoraE.  mounted 
within  the  call,  i*  raipatda  of  b«ii»  tsaafi  into  the  poition  thowa  by  tha  dotted  lines. 
When  tha  core  ii  in  pluie  of  P,  the  tnagnetic  Una  of  loica  produced  in  It  by  the  pnmaiy  ccol, 
induce!  a  pre«ufe  m  the  secondary  coil  which  Aid*  the  voltage;  prhen  turned  to  the  posi- 
tun  inducted  by  tha  dotted  linei,  the  directiou  of  the  magrietic  lines  of  force  are  reversed 

aoit  to  be  h«hMor  lower  than  that  of  the  main  conductora  C  and  D.  Reffulatora  operat- 
ing OD  thil  pnneiple  may  be  used  for  lltealrt  dimnnrj,  as  controllers  for  series  lightina.  ana 
alto  to  adjiut  the  voltage  oi  the  branches  o£  unbtdanced  three  wiie  single  phase  and  poly- 
phase  syetema. 
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r^ulation  by  meajia  of  rheostats  is  practically  ttie  same  in  the  case  of  ax. 
aa  in.  that  of  d,c.  In  the  case  of  the  former,  however,  the  effect  of  self- 
induction  may  also  be  utilized  to  produce  a  drop  in  voltage.     In  practice, 

this  is  accomplished  by  the  use  of  self-induction  coila  whim  """         ' 

known  as  reactance  coils. 

Application  of  Induction  IVpe  Regulators. — In  supply^ 
ing  lighting  systems,  where  the  load  and  consequently  the  pres- 
sure drop  in  the  line  increases  or  decr-easee,  4t  becomes  necessary 
to  raise  or  lower  the  voltage  of  an  a.c,  in  order  to  regulate  the 
voltage  delivered  at  the  distant  ends  of  the-  system. 


Pic,  6,T68.— Diagi 


L 


Fig.  a,770.— Dial  of  WntkighauH  dial  tj 

This  is  usually  accomplished  by  means  of  a.c,  reguialors  or  inductioii 
regulators,  A  devise  of  this  kind  is  essentially  a  tranrformer,  the  primaiy 
at  which  is  excited  by  being  connected  directly  across  the  circuit,  while 
the  secondary  is  in  series  with  the  circuit  as  shown  in  fig.  6,768.  By  this 
method  the  circuit  receives  the  voltage  generated  in  the  secondary. 

There  are  two  kinds  of  pressure  regulator:  1,  induction  r^ulator,  and 
2,  variable  ratio  transformer, 

Induction  Voltage  R^ulator. — It  consists  of  a  primary 
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winding  or  exciting  coilf  and  a  second-- 
ary  winding  which  carries  the  entire 
load  current. 

The  primary  is  wound  for  the  full  trans- 
mission voltage,  and  is  connected  across 
the  line,  while  the  secondary  is  connected 
in  series  with  the  line. 

In  operation,  when  the  primary  coil  is 
turned  to  various  positions,  the  magnetic 
flux  sent  through  the  secondary  coil  varies 
in  value,  thereby  causing  corresponding 
variation  in  the  secondary  voltage,  the 
character  of  which  d^ends  upon  the  value 
and  direction  of  the  nux. 

Induction  regulators  are  operated  by- 
hand  or  automatically  by  means  of  a  small 
motor  controlled  by  voltage  regulating 
rela3rs.    Two  relays  are  usSl   because  a 


Pig.  6.771 . — ^Diagram  of  connections  for  Westinghouse  11  point  dial,  merie*  tranaformer  and 
auUt-tranaformer,  The  auto-transformer  ha43  a  number  of  taps  connected  across  the 
line,  the  series  transformer  is  placed  in  series  with  one  side  of  the  line,  and  connected  to  a 
dial,  as  shown. 


primary  relay  of  sufficient  accuracy  could  not  be  made  powerful  enough 
to  carry  the  relatively  large  current  required  for  operating  the  motor. 


Variable  Ratio  Transformer  Voltage  Regulators. — ^The 

principle  of  operation  of  this  class  of  regulator  is  virtually  the 
same  as  that  of  the  induction  type  regulator;  that  is,  both  con- 
sist of  regulating  transformers,  but  in  the  variable  ratio 
method  the  primary  or  series  coil  is  divided  into  a  number  of  sec- 
tions which  may  be  successively  cut  in  or  out  of  the  circuit  to  be 
regulated,  instead  of  varying  the  flux  through  the  entire  coil,  as 
in  the  induction  type. 


There  are  two  mechanical  forms  of  variable  ratio  regulator:  1,  drum 
type,  and  2,  dial  type. 


a:c.  ap'faratVs-'-- 


Pic.  6,772. — DiscruD  of  CcnenI  Elactrks . 
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atant  vQltage  At  An  imaginary  center  oi  mainbution  ^;  ma 
constant  at  any  definite  point  during  cHflngeB  of  load  dial 
coniumen  may,  however,  obtain  sumciently  good  voltage 
for  critidim.  To  oveicome  this  difNculty  it  a  neccsaair  < 
the  feeder  or  else  Co  uutall  small  automatic  regulaton. 

Pio.  0,775. — Geneial  Electric  pole  typ«  Rgulator  in  service  m 
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Small*  Feeder  Voltage  Regulators. — In  sonie  generating 
stations  the  voltage  is  maintained  constant  at  .the  bus  bars  and 
the  line -drop:  Qompensated  by  automatically  eperat^d  regula- 
tors connected  in  the  main  feeders. 

It  is  possible  in  this  way  to  obtain  constant  voltage  at  all  loads  at  the 
various  distribution  centers;  that  is,  at  those  points  on  the  ieeders -'where 
thelin^  of  thd majority  of  consumers  are  connected  as  shown  in  fig.  6,774. 
It  is  evident,  however ,  that,  while  the  voltage  at  the  center  of  distribu- 
.  tion  can  bejnaintained  constant,  no  account  caxl  be  taken  of  the  drop. in 
the  line^  between  this  center  and  the  consumers.;  This  drop  is,  however, 
generally  negligible.  ,. 
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Fig.  6,775.-»Dijigram  showing  e9aentiaipart9  and  connections  for  a  line  drop  compenao' 
tor»  The  compensator  corrects  the  voltmeter  indication  at  the  supply  end  of  a  feeder  for  the 
ohmic  and  inductive  drop  in  pressure  between  that  Point  and  the  Point  of  consumption,  so  that 
the  readiag  of  the  station  voltmeter  corresponds  with  the  actual  voltage  at  the  point  of 
constunption,  index>endent  of  the  power  factor  and  current.  It  is  especially  useful  for 
adjusting  pressure  Tegulators . 

Automatic  Voltage  Regulators  for  Alternators. — The 

accurate  regulation  of  voltage  on  any  a.c,  system  is  of  importance. 
The  desired  voltage  may  be  maintained  constant  at  the  alter- 
nator terminals  by  rapidly  opening  and  closing  a  shunt  circuit 
across  the  exciter  field  rheostat. 


Line  Drop  Compensators. — In  order  that  the  actual  voltage 
at  a  distant  point  on  a  distribution  system  may  be  read  at  the 
station  some  provision  must  be  made  to  compensate  for  the  line 
drop,  that  is,  for  the  difference  in  voltage  between  the  alternator 
and  the  center  of  distribution. 
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In  order  to  do  this  a 
device  known  as  a  "line 
drop  Gompensator"  is 
placed  in  the  volt  meter 
circuit  as  shovn  in  fig. 
6,776. 


The  elements  of  the  cxnn- 
pensator  are  a  variable  re- 
uatance  and  a  variable 
inductance .  In  manipula' 
tion,  if  the  amount  of  in- 
dncbmce  and  resistance  be 
properly  adjusted,  there 
will  be  produced  a  local 
circuit  corresponding  ex- 
actly in  all  its  character- 
istics  to  the  main  circuit. 
Hence,  any  change  in  the 
main  circuit  produces  a 
corresponding  change  in 
the  local  circuit,  and 
causes  the  volt  meter  to 
always  indicate  the  pres~ 
sure  at  the  end  of  the  line 
or  center  of  distribution  or 
at  any  point  for  which  the 
adjustment  is  made. 


Starting  Compens- 
ators.— These  are  used 
for  starting  induction 
motors  and  consist  of  in- 
ductive windings  {one for 
each  phase)  with  a  number 
of  taps  connecting  with 
switch  contacts  as  shown 
in  figs.  6,776  and  6,777. 
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A  starting  compensator  is  similar  to  a  rheostat  except  that  inductive 
windings  are  used  in  place  of  the  resistance  grids.  Starting  compensators 
are  not  necessary  for  small  motors  up  to,  say,  7  horse  power. 

Star  Delta  Switches.^These  are  starting  switches,  designed 
for  use  with  small  three  phase  squirrel  cage  motors  having  their 
windings  so  arranged  that  they  may  he  connected  in  star  for  starting 
and  in  delta  for  running. 

In  starting  the  motor,  the  drum  lever  is  thrown  in  the  starting  direction 
which  conn^its  the  field  windings  of  the  motor  in  star*  When  the  motor 
has  accelerated  and  has  come  partially  up  to  speed,  the  starting  lever  is 
quickly  thrown  to  the  running  position  in  which  position  the  field  windings 
are  connected  in  delta*  The  effect  of  connecting  the  field  winding  m 
star  at  starting  is  to  reduce  the  voltage  applied  to  each  phase  win&ig, 
while  in  the  running  position  each  phase  oi  the  field  winding  has  full  line 
voltage  impressed  upon  it. 

Ssmchronous  Condensers. — A  synchronous  motor  when 
sufficiently  excited  will  produce  a  leading  current,  that  is,  when 
over  excited  it  acts  like  a  great  condenser,  and  when  thus  operated 
on  circuits  containing  induction  motors  and  similar  apparatus  for 
the  purpose  of  improving  the  power  factor  it  is  called  a  synchronous 
condenser. 

The  relation  of  power  factor  to  the  size  and  efficiency  of  prime  movers, 
generators,  conductors,  etc.,  and  the  value  of  s^rnchronous  condensers 
for  improving  the  power  factor  is  generally  recognized. 


5.    Indicating  Devices 

In  the  measurement  of  ax. ,  it  is  not  the  average,  or  maximum 
value  of  the  current  wave  that  defines  the  current  commer- 
cially, but  the  square  root  of  the  mean  square  value,  because  this 
gives  the  equivalent  heating  effect  referred  to  direct  current  and 
it  is  the  value  that  a.c.  ammeters  and  voltmeters  indicate. 
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There  are  several  types  of  instrmnent  for  measiiring  a.c,  and 
they  may  be  classified  s.% 

1.  Electromagnetic  (moving  iron)        3.  Hot  wire 

a.  Shielded  pol«; 

b.  Rotary  field. 
4,  Induction 


6.  Inclined  coil; 
c.  Magnetic  vane 
2.  Moving  coil 


Electromagnetic   or   Moving   Iron   Instruments. — ^This 


Pics.  «.773  to  (1,783  .—Principle  of  m 


„ , ..ndrfwrtically  with 

fig.  6,778,  the/ win  became  magnetiicd  and  since  they  are  in  tho  same  maEnetio  field  both  win 
be  affected  the  same,  and  will  repel  each  other  a$in  fig.  6.770.  If  the  cmmit  be  lent  through 
thB  solenoid  in  the  opposite  directien  the  result  willlw  the  same.    Men  if  the  coit  be  Lud 


L 


pieces  of  iion  will  repel  each  a 

sufficient  frequency,  the  polari 

It  and  they  will  repel  each  <: 


I  elecCricaUy  repelled  fmi 


m  employirg 
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type  of  instrument  depends  for  its  action  upon  the  pull  of  flux 
in  endeavoring  to  reduce  the  reluctance  of  its  path. 


LINE 


LINE 


Pig.  6,784. — ^Plunger  form  of  electromagnetic  or  movixig  iron  type  of  ammeter.  The  pltmger 
is  so  suspended  that  the  magnetic  i>ull  due  to  the  current  flowmg  through  the  coil  is  halaaced 
by  gravity.    For  ax,  the  plunger  is  laminated. 

Fig.  6,7SS. — One  form  of  ptunper  inatrumsnt  as  made  by  Siemens.  It  has  gravity  control, 
is  dead  beat,  and  is  shielded  from  external  magnetic  influence.  The  moointf  sy»tem  eon- 
siBts  of  a  thin  soft  iron  pear  shap^  plat«  pivoted  on  a  horizontal  spindle  S,  nmningin 
iew^ed  centers.  To  this  spindle  S,  is  also  attached  a  light  pointer  P.  and  a  light  wireW , 
bent  as  shown,  and  carrying  a  light  piston  D,  which  worls  in  a  curved  air  tube  T.  This 
tube  T»  is  closed  at  the  end  B,  but  is  fully  open  at  the  other  end  A,  and  constitutes  the  air 
damping  device  for  making  the  instrument  dead  beat. 
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Fig.  6,786.— Inclined  coil  form  of  electromagnetic  or  moving  iron  instrument.  In  opera'- 
tion,  when  a  current  is  passed  through  the  coil,  the  iron  tends  to  take  up  a  position  with 
its  lonsest  sides  parallel  to  the  lines  of  force,  which  results  m  the  shaft  being  rotated  and 
the  pomter  moved  on  the  dial,  the  amount  of  movement  depending  upon  the  strength 
cf  the  current  in  the  coil. 

Fig.  6.787.— Magnetic  vane  form  of  electromagnetic  or  moving  iron  instrument.  In  prin- 
eiple,  a  piece  ^saft  iron  placed  in  a  magnetic  field  and  free  to  mme^  will  move  into  such  posi- 
tion  as  to  conduct  the  maximum  number  of  lines  of  force.  In  operation,  the  vane  will  move 
agidnst  the  restraining  force  of  a  spring  so  that  the  distance  betwem  it  and  the  inner  edge 
of  the  00^  will  be  as  small  as  possible. 
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This  pull  is  proportional  to  the  product  of  the  flux  and  the  current,  and 
so  long  as  no  part  of  the  magnetic  circuit  becomes  saturated,  the  flux  is 
proportional  to  the  current,  hence  the  pull  is  proportional  to  the  square  of 
the  current  to  be  measured. 

Hotwire  Instruments. 

— In  principle,  these  de- 
pend for  their  operation  on 
the  expansion  and  contrac- 
tion of  a  fine  wire  carrying 
either  the  current  to  be 
measured  or  a  definite  pro- 
portion of  that  current. 

The  expansion  or  ooatrac- 
tion  of  the  wire  is  caused  by 
tenrperature  changes,  ^liiidL 
in  turn  are  due  to  the  heating 
effect  of  the  current  flowing 

Fig.  6,788.— Hot  wire  instrument.  A,  Is  the  active  wire  carrying  the  current  to  be  measured 
and  stretched  between  the  terminals  T  and  T'.  It  is  pulled  taut  at  its  middle  point  by 
another  wire  C  (fastened  at  B),  which  carries  no  current,  and  is,  in  its  turn,  kept  ttght  by 
a  thread  passing  round  the  pulley  D.  attached  to  the  pointer  spindle,  the  whole  system  being 
kept  in  tension  by  the  spring  B. 
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Pigs.  6,780  and  6,790. — ^Plan  and  elevation  of  shielded  pole  type  of  induction  instrument, 
/t  eonaUtB  of  a  disc  A,  or  sometimes  a  drum  and  a  laminated  magnet  B.  Coveiing  some 
two- thirds  of  the  pole  faces  are  two  copper  plates  or  shields  C,  and  a  permanent  magnet  D. 
in  oEteratlon,  eddy  currents  are  induced  in  the  two  copper  plates  or  shields  C,  which 
attract  those  in  the  disc,  producing  in  consequence  a  torqme  in  the  direction  shown  by  thf 
arrow,  against  the  opposing  action  of  a  spring.    Magnet  jD,  damps  the  oscfllations. 
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through  the  wire.    These  variations  are  magnified  by  suitable  multiplying 

Induction  Instruments.— These  were  invented  by  Ferraris, 

and  are  sometimes  called  after  him. 

in  I^fi^o^f  ^^^^H'^'^r"*  "^^-^  '^^  shidded  pole  type  is  shown 
in  iigs  6,789  and  6,790.  In  the  rotary  fidd  type,  the  parts  are  arraneed 
similar  to  those  o£  wattmeters,  the  necessary  split  phase  bejog  produced 


s' dymunoDiftEr..  XI  miutoia  of  two  coils  on  a  common  axii 
.  _..„-es  to  each  otber  in  auch  a  way  that  a  torque  is  produced 

..lich  mcaEures  the  product  of  thdrcuiTEnts,    This  torque  is  meaa- 

Dred  by  tvisting  a  spiral  spring  through  a  measuiFd  snele  of  such  degree  that  the  coils  ihall 
iBuToe  thEir  o^nal  rElative  positions.  Wlin  io«j/rui(«f  oi  a  BollmeUr.  both  coils  are 
wound  with  a  large  number  of  turns  of  fine  wire,  making  the  instrument  sensitive  lo  smaU 
i^umnts.     Then  by  connecting  a  high  resistance  in  seneswith  the  instrument.  it<:snbe 

inade  with  many  turns  of  6at  wlrB  cf  ^h  resistancB  suitablo  for  connectiog  acroai  tba 

■dgnamomelar.    It  Is  a  rcliaiU  inslTHmtnl  fat  (JW 
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hy  dividing  the  current  into  tvo 
circuits,  €>ne  inductive  and  the 
other  non-inductive. 


Dynamometers. — These 
are  used  to  measure  volts, 
amperes,  or  watts,  and  their 
operation  depends  on  the  re- 
action between  two  coils  when 
the  current  to  be  measured  is 
passed  through  them. 

One  of  the  coils  is  fiied  and 
the  other  movable.  The  ends 
oi  the   movable  coil   dip   into 

Pic.  6.7S3.  —  loternml  cwmectioaa  of 
Thompson  recoidias  commutator  typo 
watt  hour  meter.     T/i«  porta  vrti  A. 

tor;  CC,  fricdon  com[ 
ditc;  MM'.  dTBE  maai 
S.dwff.SPC.a'C'.Si 


IS  linla  BTB  in  the  poution  indicated  by 
jEiu  an  nmnKwu  in  multiple  and  the  instrament  ii  ready 
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Watt  Hour  Meters. — A  watt  hour  meter  is  a  watt  meter 
that  will  register  the  watt  hours  depended  during  an  interval 
of  time.  WaU  hour  meters  are  often  erroneously  called  recordittf 
or  integrating  watt  meters. 


There  are  scvernl 
types  of  the  electro- 
moter  form  of  watt 
kour  meter,  which 
may  be  classified  as: 

type;  2,  induction 
^i>e;  3,  Faraday 
ype.  The  essentia 
of  a  watt  hour  meter 

motor,  generator, 
xinting  mechanism, 
iperation,  the  motor 
It  a  Epeied  propor- 
to  the  ener^  P'^ 
rough  the  oTCTut,  it 

the  counting  mec- 
n    at    the    proper 

to  indicate  the 
it  of  enei^  con* 
1.  The  gounttor 
lies  the  load  for  the 
.  The  meter  is  com- 
ted,  to  correct  the 


tha  ensrn'  o{  mltenutiiig  cnirant  cinaiiti  TtguiStm  <d  tha  Domr  fmctor.  and  »mboiU»m 
the  usuaTiiidKatiM  malor,  tddy  airrait  imttaUr  and  r«M(rAif  mtckaiUtm.  Tha  slectriol 
BmafaniBnt  of  the  meter  coniiitt  ot  a  eurrmt  tbtiat  eompoeed  of  two  coil*  oonnooUd 
in  mot*  with  «ich  olh«r  md  in  nria*  with  tha  tins  to  b«  mMMied,  and  a  prvMurw  tireait 
reactance  cml  and  a  pruntre  coil  cotmected  in  leiica  with  each  other  and 
o  be  meaiund.    In  odditioD,  Ur     -    -  '  -  


Id  nibitantianr  ui  iduta  with  the  impianed  pnMiu«.   Tha  light  load  wiodiof  it  fiathar 

provided  with  a  •ariea  adjuetable  reeiltanGe  fornuhed  for  the  purpose  at  reyulatins  the  cu^ 
rent  flowini  in  the  li^it  load  windiiu.  theraby  providiu  a  means  of  laogiiig  the  mater  oa 
high  ^qqueociea,  aacti  aa  13S  or  Iw  mde  circuiti.  The  preanire  circuit  auo  compriies  a 
las  coil  wound  over  the  upper  limb  of  the  con  of  the  pieamre  circuit  and  provided  with  an 
anjuitable  reeiitance  for  oDtaining  a  field  corapooent  in  quadrature  with  the  Bhimt  field. 
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error  due  to  frictioii,  by  exacting  an  adjustable  aiudliaiy  field  from  thtt 
shunt  or  pressure  circuit.  The  induction  type  of  watt  hour  meter  is  the 
equivalent  of  a  squiirel  cage  induction  motor. 

The  moving  element  is  a  rotating  disc  which  acta  like  Uie  BquiiTel  case 
annatuie  of  an  induction  motor,  developing  the  motive  tortjue  for  toe 
met«r;  it  revolves  through  an  air  gap  ia  nnich  a  rotating  field  is  i^oduced. 


V  of  Fuaday  disc  or  m 


mechanikm. 

t  not  ihcnr  tbe  n 

leinbOUryclHirvni. 

"" 

?e  frequency  m 
ic  fields. 
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There  is  also  a.  retardins 
disc  in  which  eddy  currents 
are  induced  in  rotating 
through  a  constant  field 
produced  by  permanent 
magnets. 

The  retarding  disc  may 
be  the  same  disc  used  for 
the  moving  element,  in 
which  case  the  meter  field 
acts  on  one  edge  while  the 
permanent  magnet  field 
acts  on  the  et^e  diametri- 
cally (jpposite.  This  ar- 
rangement simplifies  the 
munber  of  parts  and  saves 
space  and  weight  of  movins 

The  Faraday  disc 
type,  or  mercury  motor 
ampere  horn  meter  con- 
sists essentially  of  a 
copper  disc  floated  in 
mercury  between  the  poles 
of  a  magnet  and  pro- 
vided witk  leads  to  and 
from  the  mercury  at 
diametrically  opposite 
points. 

Frequency  Indica- 
tors.—A  frequency 
indicator  or  meter  is  an 
instrument  used  to  de- 
termine the  frequency, 
or  number  of  cycles  per 
second  of  an  alternating 
current. 
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iceus     oi     umncuE  no.  o^U. — WeMtngtunus  n>tU7  type  itf  tyn- 

leiwths  mounted  ma  row,  and  all  chroscopeotsynchtomsinindieatof.  Thouidi- 

oscillatory  attraction  of  an  electro-  thsphue  aiwlebetweea  thepremiTa  of  the 

magnet  exdted  by   the   supply        ' — "■"""' ' ■"' '■'-— 

current  that  is  brang  measured. 

The  reed,  which  has  the  same v^™_ 

natural  time  period  as  the  current  and  the  s^eed  of  rotation  depends,  on 

will  vibrate,  while  the  others  will  ^tSZriy -^n^Hng^VThf 

remain  practically  at  rest.  ud  light  period*  of  the  BvnctmiuiioaU; 
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This  type  is  desirable  for  laboratory  use. 
The  induction  type  consists  of  two  voltmeter  electro-^magnets 
acting  in  opposition  on  a  disc  attached  to  the  pointer  shaft. 

One  of  the  magnets  is  in  series  with  an  inductance,  and  the  other  with  a 
resistance,  so  that  any  change  in  the  frequency  will  unbalance  the  forces 
acting  on  the  shaft  and  cause  the  pointer  to  assume  a  new  position,  when 
the  forces  are  again  balanced.  The  aluminum  disc  is  so  arranged  that 
when  the  shaft  turns  in  one  direction,  the  torque  of  the  magnet  tending  to 
rotate  it  decreases,  while  the  torque  of  the  other  magnet  increases.  The 
pointer  therefore  comes  to  rest  where  the  torques  of  the  two  magnets  are 
equal,  the  pointer  indicating  the  frequency  on  the  scale. 


Synchronism  Indicators.- 


— VWV-kjUlJUL^ 
R,  X2 


These  devices,  sometimes  called 
s5mchroscopes,  or  S}^- 
chronizers  indicate  the 
exact  difference  in  phase 
angle  at  every  instant, 
and  the  difference  in  fre- 
quency, between  an  in- 
coming machine  and  the 
sjTstem  to  which  it  is 
to  be  connected,  so  that 
the  coupling  switch  can 
be  closed  at  the  proper 


vjiojLn 

X 


LINE 


Fig.  6,811. — Diagram  of  Weston  induction  type  fre(;^ency  meter  connections.  The  coQs  are 
connected  in  series  across  the  line,  with  a  reactor  in  series  with  one  and  a  resistor  in  series 
with  the  other.  A  resistor  is  connected  in  parallel  with  one  coil  and  the  reactor,  and  a  re- 
actor is  connected  in  parallel  with  the  other  coil  and  the  resistor;  then  the  whole  combination 
is  connected  in  series  with  a  reactor,  the  purpose  of  which  is  to  dam^p  out  the  higher  har- 
monics. The  circuits,  as  shown,  form  a  Wheatstone  bridge,  which  is  balanced  at  normal 
frequency.  An  increase  in  frequency  will  increase  the  reactance  of  the  reactors  and  thus 
upset  the  balance  of  the  bridge,  allowing  more  current  through  one  coil  and  less  through 
the  other. 


instant.    There    are    several,   types  of    synchronizer,    such 

as:  1,  lamp   or  volt  meter  type;   2,  resonance   or  vibrating 
reed  type,  and  3,  rotating  field  type. 

The  simplest  arrangement  consists  of  a  lamp  or  preferably 
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a  voltmeter  connected  across  one  pole  of  a  two  pole  switch  connecting 
the  incoming  machine  to  the  bus  bars,  the  otiter  pole  of  the  switch 
being  already  closed. 

If  the  machines  be  out  of  step,  ttie  lamps  will  fluctuate  in  brightness, 
or  the  voltmeter  pointer  will  oscillate,  the  pulsation  becoming  less  and  less 
as  the  incoming  machine  approaches  synchronous  speed.  Synchronism  is 
shown  by  the  lamp  remaining  out,  or  the  voltmeter  at  zero. 

The  resonance  type  works   on    the  same    principle  cts  the 
resonance  type  of  frequency  meter  already  described. 
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Pig.  6^12. — ^Weston  power  factor  instrument  scale.  Range  from  .50  lagging  to  .5  leading. 
The^scale  divisions  are  open  and  very  nearly  uniform,  except  near  unity  power  factor,  where 
the  instrument  is  extremely  sensitive.  A  change  in  time  ph&ae  angle  of  6  degrees  at  unity 
power  factor  will  inroduce  a  deflection  of  the  pomter  of  .35  in. 

The  operation  of  the  rotating  field  type  depends  on  the  production  of  a 
rotating  field  by  the  currents  of  the  metered  circuits  in  angularly  placed 
coils,  one  for  each  phase  in  the  case  of  a  polyphase  indicator.  In  this  fi^d 
is  provided  a  movable  iron  vane  or  armature,  magnetized  by  a  stationary 
coil  whose  current  is  in  phase  with  the  voltage  of  one  phase  of  the  circuit. 
As  the  iron  vane  is  attracted  or  repelled  by  the  rotating  field,  it  t^es  up  a 
position  where  the  zero  of  the  rotating  fidd  occurs  at  the  same  instant  as 
the  zero  of  its  own  field. 

In  the  sinjg;le  phase  meter  the  positions  of  voltage  and  current  coils  are 
interchangedand  the  rotating  field  is  produced  by  means  of  a  split  phase 
winding,  connected  to  the  voltage  circuit. 


Power  Factor  Indicators. — Meters  of  this  class  indicate  the 
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Fig.  6,813.-'  Joubert'ssfep  by  ttep  method  of  wave  form  meastxrement.  For  current  wave 
measurement  switch  No.  1  is  placed  on  contact  P,  and  for  pressure  wave  measurement  oa 
contact  G,  switch  No.  2  is  now  turned  to  M,  and  the  drop  across  the  resistance  (assuming 
switch  No.  1  to  be  turned  to  contact  F)  measured  by  charging  the  condenser,  and  then  dis- 
chuving  it  through  the  galvanometer  by  turning  the  switch  to  8.  This  is  repeated  for  a 
number  of  positions  of  the  contact  maker,  noting  each  time  the  galvanometer  reading  and 
position  of  the  contact  maker.  B^  plotting  the  positions  of  contact  maker  as  abscissae,  and 
the  galvanometer  readings  as  ormnates,  the  curve  through  them  will  represent  the  wave 
form.  The  apparatus  is  calibrated  by  passing  a  known  constantfcurrent  torough  the  resist- 
ance. 

Fig.  6,814. — Four  part  commwUator  method  of  wave  form  measurement.  The  contact 
device  consists  of  two  slip  rings  and  a  four  part  commutator.  One  slip  ring  is  connected  to 
one  terminal  of  the  source,  the  other  to  the  volt  meter,  and  the  commutator  to  the  condenser. 
By  adjusting  R,  when  a  known  direct  current  pressure  is  impressed  across  the  terminals,  the 
volt  meter  can  be  rendered  direct  reading. 
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Fig.  6,815. — Modified  four  p>art  commutator  method  of  wave  form  measurement  (Dun- 
can's modification).  By  this  method  one  contact  maker  can  be  used  for  any  number  ol 
waves  having  the  same  frequency.  Electro- dynamometers  ate  used  and  the  connections 
are  made  as  here  shown.  The  moving  coils  are  connected  in  series  to  the  contact  maker,  and 
the  fixed  coils  are  connected  to  the  various  sources  to  be  investigated,  then  the  deflection  will 
be  steady  and  by  calibration  with  direct  current  can  be  made  to  read  directly  in  volts. 

Pig.  6 .816 . — BalUetic  gtdvanometer  method  of  wave  form  measurement .  The  teat  may  be 
made  by  placing  the  aontact  breaker  in  successive  positions  and  taking  galvanometer  read* 
ings,  the  switch  being  turned  to  F  in  meastiring  the  current  wave,  and  to  G  in  measuring  the 
pressure  wave.  M  S  is  the  slide  wire  bridge  and  A  the  contact  shder.  If  belt  drive  be  used* 
and  pulleys  be  oi  same  size,  paste  a  thin  strip  of  paper  around  the  face  of  one  9i  the  pulleys 
thus  altering  the  velocity  ratio  of  the  drive  slightly  from  imity. 
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phase  relationship  between  pressure  and  current,  and  are  there- 
fore sometimes  called  phase  indicators. 

There  are  two  types:  1,  watt  meter  type;  and  2,  disc,  or  rotat- 
ing field  type. 


For  instance,  in  a.  dynamometer  wattmeter,  the  pressure  circuit  is 
made  highljr  inductive  and  the  instnunent  then  indicates  volts  X  am- 
peres X  nn  ^  instead  of  voiu  X  amperes  X  cos  ip,  that  is  Ut  say,  it  will 


Figs.  fl.SlT  ind  R.S18.— Hospiulier  ondognph.    Fig. 
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of  the  power.   A  dynamometer  of  this  type 

current  wattmeter. 

The  disc,  or  rotating  field  type,  ccomsts  of  two  pressure  coils  placed  at 

right  angles  to  each  oUier,  one  oeing  connected  through  a  resistance,  and 

the  other  through  an  inductance  so  as  to  "split"  the  phase  and  get  tha 

equivalent  of  a  rotating  magnetic  field. 
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Ground  Detectors. — Instruments  o£  this  name  are  used  for 
detecting  {and  sometimes  measuring)  the  leakage  to  earth 
through  the  insulation  of  a  line  or  network  and  are  sometimes 
called  ground  or  earth  indicators,  or  leakage  detectors. 

For  low  tension  systems  moving  eoU  {for  allemoHnt  eurreiU)  or  mooing 

fivR  instruments  (j^r  (JtTMt  currtMJ}  are  the  most  used,  whilefor  high  tension 
'    Gystems  electrostatic  voltmeters  are  to  be  preferred. 

.  Wave  Form  Indicators. — The  various  methods  of  wave  form 


PiG.  6,819. — General  El«lrie  m 

backward,  tfiuBcauaing  the  mirror  to  vibraM  on  a'vertical  a. 
£t  into  chambers  bclVh-een  the  poles  of  electro-ma^eta,  and  ara  adjustable,  bo  as  ta  move 
the  beam  from  the  mirror,  bcth  vertically  and  horizoDtiilly.  A  sensitized  photosraphic 
film  is  wrapped  around  a  drum  and  held  by  spring  clamps.  The  dnim,  with  nlm,  is  placed 
:  in  a  case  and  a  cap  then  placed  over  the  end,  maloag  the  eaw  Jisht,  when  the  index  is  eilher 
'  up  or  donm.  The  loading  is  done  in  a  dulcroom.  Adiiviog  dbg  is  screwed  into  the  dium 
shaft  and  trhich,  when  toe  drum  and  case  are  in  place  nvolves  the  film  past  a  slot. 

measurement  may  be  classed  as :  1 ,  step  by  step ;  and  2 ,  constantly 
recording,  the  latter  being  the  more  convenient  method. 

'  Switchboard  Connection  Principles. — The  interconnection 
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iH   L 


I  HI-- 


of  generators,  transfonn- 
ers,  lines,  bus  bars,  and 
switches  with  their  relays, 
in  modem  switchboard 
practice  is  shown  by  the 
gs.    6,820    to 


The  fignres  being  lettered  A, 
to  J,  for  simplicity,  the  gen- 
eratorg  are  indicated  by  black 
discs,  and  the  switches  by 
open  circles,  whiJe  each  heavy 
line  represents  a.  set  of  bus  bars 
consisting  of  two  or  more  bus 
bars  according  to  the  system  of 
distribution ,  It  will  be  under- 
stood, also,  in  this  connection, 
that  the  number  of  pole  of 
the  switches  and  the  type  of 
switch  vill  depend  upon  the 
particfilar  system  of  distribu- 
tion employed. 


Switchboard     Panels. 

— The  term  "panel"  means 
the  slab  of  marble  or  slate 
upon  which  is  mounted  the 
svdtches,  and  the  indicating 
and  controlling  devices. 


pan 


There  are  usually  several 

lels     comprising     switch- 

irda  of  moderate  or  large 

these  panels  being  classi- 

)rd]ng  to  the  division 


i  for  instance:  1 ,  genera- 
tor  panel;  2,  feeder  panel;  3, 

regulator  panel;  etc. 
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In  the  care  o£  a  djrnamo,  the  generator  panel  would  have  mounted  xxpoa, 
it  a  reverse  current  circuit  breaker,  an  ammeter,  a  double  pole  main  switch 
(or  perhaps  a  single  pole  switch,  since  the  circuit  breaker  could  also  be  used 
as  a  switch)  a  double  pole  socket  into  whidi  a  plug  could  be  inserted  to 
make  connection  with  a  voltmeter  moimted  on  a  swinging  bracket  at  the 
end  of  the  board;  a  rheostat  handle,  the  spindle  of  which  c^>erates  tb*  stent 
rheostat  of  the  machine,  the  rheostat  being  placed  either  directly  behind  the 
spindle,  if  of  small  size,  or  lower  down  with  chain  drive  from  the  hand  wheel 
:spindle,  if  of  larger  size,  a  field  discharge  switch  and  resistance,  a  lamp  near 
the  top  of  the  panel  for  illuminating  purposes*  a  fuse  £or  the  voltmeter 
socket,  and,  it  desired,  a  wattJiour  meter. 

The  indicating  and  control  apparatus  for  a  feeder  cicctnt  is  assenibied 

on  a  panel  called  the  feeder  panel. 

The  most  common  equipment  in  the  case  of  a  direct  ctoient  feeder  panel 
comprises  an  ammeter ,  a  double  pole  switch ,  and  double  p6^  fuses  or  instead 
of  the  fuses,  a  circuit  breaker  on  one  or  botii  p<^es;  ia  the  case  o£  a  tcactiaix 
feeder  a  choke  coil  and  a  lightning  arrester  are  often  added. 
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Tests 

Most  tests  are  made  with  a  galvanometer  and  other  devices 
such  as  switches,  resistance  sets,  etc. 

Pressure  Measurement. — The  total  pressure  of  a  circuit  is 
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9B  of  1°  C. 

Fig.  B,S31.— Queen ireishtvoltBrneterfordetRiniiiinE  the  itimglh  of  cumaC  by  tha  weicht 
of  metal  depcaited  in  h  eiveri  time.  To  caicalaitf  the  itreoffth  of  an  uoJcnown  cunvnt 
which  but  puled  through  a  irai(ht  voltameler,  riipitl*  Ihi  (ma  1m  tnitU  by  Ua  itmmlur  tf 
ucmdt  the  nrrrnl  fioas  Iknmth  Me  imltmmtnt  imd  by  Ott  ikieU  itpotitid  Iiy  (no  amfae  M 
iMu  itamd.    That  u,  cumst  atnncth  ia  ampcRt  -  lain  in  weight  +  (tima  in  aecimdi  X 


■independent  of  resistance  or  current,  hence  ia  measuring  pressure 
Trith  an  ordinary  voltmeter,  since  the  measurement  is  made  on 
closed  circuit,  the  reading  gives  less  than  the  total  pressure. 

The  error  ia  very  dight  because  the  resisUnoe  of  the  voltmeter  ia  very 
high  snd  the  outrent  so  miall  that  tha  lo«a  of  pressure  in  the  battery  can 
be  neglected. 
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,   ..     .  Itated  m»y  be  compared  to  the 

iiseof  apumpasinfi^.  e.33:i.    Assuming  the  pump  to  ba  of  tuch  size  that  it 

lalloo  per  stroke  end  u  making  60  ttrolies  per  minute,  the  quantity  of  wBt« 

hour  (cnibmbs  in  fig.  e,S34)  13  1  X  60  X  60  -  3.600  gallons.    FoIlDwiiig 

„  _..lher(infia. 6,834). thepreamreotonevoUisrequiredtoforcetheelectricity 

ihrough  tlie  resistance  ofone  ohm  between  the  terminals  A  and  B,  Tn  fig.  6.833.  the  boiler 
nust  furnish  steam  pressure  on  the  pump  piston  la  overcome  the  friction  IrKsismnce)  offered 
jy  the  pipe  and  raise  the  water  from  the  lower  level  A' to  the  higher  level  B'.    The  differ- 

jressure  between  A'  and  B'.    Tha  cell  furnishes  the  enerjy  tc  "'  ... 

jiiningadifFerenceofpreuurest  itstirm-oala  C  and  D;  sii 
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Current  Measurement. — ^The  unit  of  current,  called  the 
ampere,  is  defined  as  the  unvarying  current  which,  when  passed 
through  a  soluHon  of  nitrate  of  silver  in  water  (15  per  cent,  by  weight 
of  the  nitrate)  deposits  silver  at  the  rate  of  .001118  gramme  per 

second. 

This  chemical  decomposition  is  measured  by  an  eLectrolytic  cell  rnil^ 
a  voUameler. 
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Figs.  63^a&d6,844— Mtmayloopmethod  of  fault  location  withleeda  and  Northrup  fault  finder. 
Came  X, — ^When  there  are  two  wires  having  equal  resistance,  in  one  of  which  there  is  a  fault. 
Connect  and  set  switches  as  shown;  join  the  good  wire  to  post  1  and  the  faulty  wire  to  post  2. 
TheresistanoeofE.iseqtialtothatorAB.  Promthesymmetry  of  the  arransement,  it  is  evident 
that,  if  the  fault  were  exactly  at  the  junction  between  the  good  and  bad  wires,  the  contact 
point  C,  would  rest  for  a  balance  at  1,000  on  the  scale,  or  at  £00  if  the  fault  were  half-way 
along  the  bad  wire;  hence,  at  whatever  point  it  comes  to  rest,  the  reading  divided  by  1.000 
and  snoltiidied  by  the  length ol  the  bad  wire  is  the  distance  from  the  instrument  to  the  fault. 


Fig.  6,846  and  6,84d.-«Mtirray  loop  method  of  fault  location  with  Leeds  and  Northrup  fault 
finder:  Cosel. — ^Where  the  good  and  bad  wires  are  unequal.  The  figure  shows  the  connec- 
tions. It  IS  the  ordinary  Murray  loop  and  it  is  evident  that  the  resistance  v ,  to  the  fault  wiM 
be  obtainedfromthe  formula  a— (A  -i-1,000)  X  r ,  where  r,  is  the  resistance  of  the  loop,  and  A,  is 
the  reading  of  the  contact  C,  on  its  scale.  The  distance  d,  to  the  fault  is  obtained  from  the 
fotmula  ^Ar  +  (1,000  X  M)  where  M  is  the  resistance  per  mile  of  the  faulty  wire. 
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Resistance  Measurement.— Ohm's  law  shows  that  the 
strength  of  the  current  falls  off  in  proportion  as  the  resistance  in 
the  circuit  increases. 

This  gives  a  basis  for  measuring  resistance.  There  are  various  methods 
by  whidi  an  unknown  resistance  may  be  measured,  as  by  the:  1,  direct 
deflection  method;  2,  method' of  substitution;  3,  fall  of  potential  method; 
4,  diiOPerential  galvanometer  method;  5,  drop  method;  6,  voltmeter  method; 
7,  wheatstone  bridge  method. 

Christie  Bridge. — For  accurate  measurements  of  resistance 
this  method  is  almost  tuiiversally  used. 
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Pig.  6,853. — Diagram  of  potentiometer  shovnag  method  of  measaring  the  voltage  of  a  ceU. 
The  potentiometer  is  simply  a  high  resistance  wire  of  tmif orm  diameter  stretched  between 
two  binding  posts,  A  and  B,  in  such  a  way  that  contact  can  be  made  at  its  ends  and  along 
its  length.  Necessary  drctdts  are  plainly  shown. in  the  figure;  So,  is  a  standard  ce/j  and 
C,  the  ceU  to  be  tested.    M,  and  S  are  sliding  contacts,  connecting  with  the  "slide  wire.". 

The  so-called  **  Wheatstone"  bridge  was  invented  by  Christie,  and  im- 
properly credited  to  Wheatstone,  who  simply  applied  Christie's  invention 
to  the  measurement  of  resistances. 

Loop  Test.^This  is  a  method  of  locating  a  fault  in  a  telegraph 
or  telephone  circuit  when  there  is  a  good  wire  running  parallel  with 
the  defective  one. 

In  the  process,  the  good  and  bad  wires  are  joined  at  their  distant  ends 
and  one  terminal  of  the  battery  is  connected  to  a  Wheatstone  bridge,  while 
the  other  terminal  is  groimded.  There  are  different  ways  of  mafing  loop 
tests  as  by:  1,  Murray  loop;  2,  Varley  loop;  3,  Special  loop. 
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Fig.  6,854.— Transformer  insulaticm  resistance  test.  The  instilation,  besides  being  able  to 
resist  ptinctiire,  due  to  increased  voltage,  must  also  have  sufficient  resistance  to  prevent 
any  appreciable  amount  of  current  flowing  between  primary  and  secondary  coils.  It  is, 
therefore,  sometimes  ixnportant  that  the  msiilation  resistance  between  primary  and  sec- 
ondary be  measured.  This  can  be  done,  as  here  shown.  Great  care  should  be  taken  tO' 
have  all  wires  thoroughly  insulated  from  the  ground,  and  to  have  an  ammeter  placed  as 
near  as  possible  to  the  terminals  of  the  transformer  under  test,  in  order  that  current  leaking 
from  one  side  of  the  line  to  the  other,  external  to  the  transformer,  may  not, be  measured. 
Great  care  is  required  in  making  this  measurement,  in  order  to  obtain  consistent  results. 
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Fig.  6,855. — Resistance  measurement  by  "drop"  method.  The  circuit  whose  resistance  is  tc 
be  measured,  is  connected  in  series  with  an  ammeter  and  an  adjtistable  resistande  to  vary 
the  flow  of  current.  A  voltmeter  is  connected  directly  across  the  terminals  of  the  resist- 
ance to  be  measured,  as  shown  in  the  figtire.  ^  According  to  Ohm*s  law  I^B+R,  from 
which,  R  -c£  -i-I.  If  then  the  current  flowing  m  the  circuit  through  the  unknown  resist- 
ance be  measured,  and  also  the  drop  or  difference  of  pressure,  the  resistance  can  be  calcu- 
lated by  above  formula.  In  order ,to  secure  accurate  determination  of  the  resistance  such 
value  of  current  must  be  used  as  wiU  give  large  deflections  of  the  needle  on  the  instruments 
employed.  A  number  of  indei>endent  readmgs  should  be  taken  with  some  variation  of 
the  current  and  necessarily  a  corresponding  variation  in  voltage.  The  resistance  should 
then  be  figured  from  each  set  of  readings  and  the  average  of  all  readings  taken  for  the  correct 
resistance. 
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Pig.  6,858. — Temperature  test  of  direct  current  motor  or  dynamo;  loading  back  method.  The 
motor  is  started  in  the  usual  way,  with  the  dynamo  belted  to  it,  the  circuit  of  the  dynamo 
being  open.  The  field  of  the  dynamo  is  then  adjusted  so  that  the^  dynamo  voltage  is  equal 
to  that  of  the  line.  The  dynamo  is  then  connected  to  the  circuit  and  its  field  resistance 
varied  until  it  carries  normal  full  load  current.  Under  these  conditions,  if  the  motor  and 
dynamo  be  of  the  same  size  and  type^  the  motor  will  carry  slightly  in  excess  of  ftill  load, 
the  difference  being  approximately  twice  the  losses  of  the  madiines..  Under  these  condi- 
tions the  total  power  drawn  from  the  line  is  equal  to  twice  the  loss  of  either  machine.  Tem- 
perature readings  are  taken  as  in  other  temperature  tests. 
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^IG.  6,859.— Direct  motor  or  dynamo  magnetization  test.  The  object  of  this  test  is  to  de- 
termine the  variation  of  armature  voltage  without  load,  with  the  current  flowing  through 
the  field  circuit.  The  armature  should  be  driven  at  normal  speed.  The  adjustment  re- 
sistance in  the  field  circuit  is  varied  and  the  voltage  across  the  armature  measured.  The 
curve  obtained  by  plotting  these  two  figures  is  usually  called  maipetization  curve  of  the 
dynamo.  It  is  usual  to  start  with  the  higher  resistance  m  the  field  circuit  so  that  very  small 
current  flows,  gradually  increasing  this  current  by  cutting  out  the  field  resistance.  When 
the  highest  no  load  voltage  required  is  reached,  the  field  current  is  then  diminished,  and 
what  IS  called  the  descending  (as  opposed  to  the  ascending)  magnetization  curves  are  ob- 
tained. ^  ^  The  difference  in  the  two  curves  is  due  to  the  lag  of  the  magnetization  behind  the 
magnetizing  current,  and  is  caused  by  the  hysteresis  of  the  iron  of  the  armature  core. 
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Fig.  6,860.; — Shunt  dynamo,  external  charaeteristic  test.  The  shunt  field  is  so  adjtisted  that 
the  machine  gives  normal  voltage  when  the  external  circiiit  is  open.  The  field  current  is  then 
maintained  constant  and  the  external  cturent  varied  by  varying  the  resistance  in- the  circuit. 
By  plotting  voltage  along  the  vertical,  against  the  corresponding  amperes  represented  along 
the  horizontal,  the  external  characteristic  is  obtained. 
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Fig.  6,881. — ^Load  and  speed  test  <A  direct  current  shunt  motor.  The  object  of  this  test  u 
to  maintain  the  voltage  applied  to  the  motor  constant,  and  to  vary  the  load  by  means  of 
a  brake  and  find  the  corresponding  variation  in  speed  of  the  machine  and  the  current  drawn 
from  the  circuit.  If  the  motor  be  a  constant  speed  motor,  the  field  resistance  is  maintained 
constant.  The  above  indicates  the  method  of  connecting  instruments^  for  the  test  alone; 
for  starting  the  machine  the  ordinary  starting  box  should,  of  course,  be  inserted. 
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Fig.  6,862. — ^Alternator  excitation  or  magnetization  curve  test.  The  object  of  this  test  is  to 
determine  the  change  of  the  armature  voltage  due  to  the  variation  of  the  field  current  when 
the  external  circuit  is  kept  open.  As  here  shown,  the  field  circuit  is  connectM  with  an 
ammeter  and  an  adjustable  resistance  in  series  with  a  direct  current  source  of  supply.  The 
adjustable  resbtance  is  varied,  and  readings  of  the  voltmeter  across  the  armature,  and  of 
the  ammeter,  are  recorded.  The  speed  of  the  generator  must  be  kept  constant,  i>referably 
at  the  speed  which  is  given  on  the  name  plate.  The  excitation  or  magnetization  curve 
of  the  machine  is  obtained  by  pletting  the  ciurent  and  the  voltage. 


z 
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Pig.  6,863 . — Single  phase  motor  test.  In  this  method  of  measuring  the  input  of  a  single  phase 
motor  of  any  type,  the  ammeter,  voltmeter  and  wattmeter  are  connected  as  shown  m  the 
illustration.  The  ammeter  measures  the  current  flowing  through  the  motor,  the  voltmeter, 
the  pressure  across  the  terminals  of  the  motor,  and  the  wattmeter  the  total  power  wfekh 
flows  through  the  motor  circuit.  With  the  connections  as  shown,  the  wattmeter  wo«dd 
also  measure  the  slight  losses  in  the  voltmeter  and  the  pressure  of  coil  of  the  wattmeter, 
but  for  motors  of  H^ H.P.  and  larger,  this  loss  is  so  small  that  it  may  be  neglected.    The 

Eower  factor  may  be  calculated  by  dividing  the  true  watts  as  indicated  by  the  wattmeter, 
y  the  product  ef  the  volts  and  amperes. 

NOTE. — In  motor  testing,  by  the  methods  illustrated  in  the  accompanying  cuts,  it  is 
assumed  that  the  motor  is  leaded  in  the  ordinary  way  by  belting  or  direct  connectmg  the 
motor  to  some  form  of  load,  and  that  the  object  is  to  determine  whether  the  motor  is  over  or 
under  loaded,  and  approximately  wlutt  per  cent,  of  full  load  it  is  carrying.  AU  commercial 
motors  have  name  pUtes,  giving  the  rating  of  the  motor  and  the  full  load  current  in  amperes. 
Hence  the  per  cent,  of  load  carried  can  be  determined  approximately  by  measuring  the  current 
input  and  tho  voltage* 
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Fig.  6t864. — ^Three  phase  motor,  one  watt  meter  and^  box  method.  This  method  is  of  service, 
only,  provided  the  voltages  of  the  three  phases  are  the  same.  A  slight  variation  of  the 
voltage  of  the  different  phases  may  cause  a  very  Irae  error  in  the  readings  of  the  watt- 
meter, and  inasmuch  as  the  voltage  of  aU  commercial  thx«e  phase  circuits  is  more  or  less 
tmbalanced,  this  method  is  not  to  be  recommended  for  motor  testing.  With  balanced  volt- 
age in  all  three  phases,  the  power  is  that  indicated  by  the  wattmeter,  multiplied  by  three. 
Power  factor  may  be  calctalated  as  before. 
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Pig.  6,865.— Three  phase  motor  test;  one  watt  meter  method  .This  method  is  equivalent  to 
the  two  watt  meter  method  with  the  following  difference.  A  single  voltmeter  (as  shown 
above)  with  a  switch,  A,  can  be  used  to  connect  the  volt  meter  across  either  one  of  the  two 
phases.  Three  switches,  B,  C,  and  D,  are  employed  for  changing  the  connection  of  the 
ammeter  and  watt  meter  in  either  one  of  the  two  lines.  With  the  switches  B  and  D,  in  the 
position  shown,  the  ammeter  and  watt' meter  series  coils  are  connected  in  the  left  hand  line. 
The  switch  C,  must  be  closed  under  these  conditions  in  order  to  have  the  middle  Une  closed. 
Another  reading  should  then  be  taken  before  any  change  of  load  has  occurred,  with  switch 
A.  thrown  to  the  right,  switch  B,  closed,  switch  D,  thrown  to  the  right  and  switch  C,  opened. 
The  ammeter  and  the  current  coil  of  the  watt  meter  win  then  be  connected  to  the  middle 
line  oi  the  motor.  In  order  to  prevent  any  interruption  of  the  circmt ,  the  switches  B ,  D  and 
C,  should  be  operated  in  the  oraer  given  above.  With  very  light  load  on  the  motor  the  watt 
meter  will  probabljr  give  a  negative  deflection  in  one  phase  or  the  other,  and  it  will  be  ne- 
cessary to  reverse  its  connections  before  teking  the  readings.  For  this  purpose  a  double 
X)ole,  double  throw  switch  is  sometimes  inserted  in  the  circuit  of  the  pressure  coil  of  the 
watt  meter  so  that  the  indications  can  be  reversed  without  distturbing  any  of  the  connec- 
tions. It  is  suggMted,  before  undertaking  this  test,  that  the  instructions  for  test  by  two 
watt  meter  and  by  the  polyphase  watt  meter  methods  be  read. 
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Fig.  6.S66. — Test  of  three  pha»  motor  with  neutral  bronsht  out',  ttagla  mtt  meter  method. 
SoioG  itar  connected  motors  haVB  the  donnKiion  brought  out  from  the  oeutnd  of  the  winding. 
In  this  case  the  circuit  msy  be  connected,  as  here  shown.  The  volt  meter  nowmeasuis 
voltBAB  between  the  neulril  and  ane  of  the  hnes,  and  the  watt  meter  the  power  in  one  d 
the  three  Iihajes  of  the  motor.    Therefore,  the  total  power  taken  by  the  motnr  will  be  tfam 

«i  with  the  two  w»tt  meter  method.    The  power  tactor  wQl  be  the  indicated  wnits  divided 
by  the  product  of  tbe  indicated  ampeiei  and  volts. 


Pio..  8,867— Three  phaw  allemator  or  synchronous  motor  temperature  test.  Supply  the  field 
Ml  1  ^™*'  field  current.  The  armature  is  connected  in  open  delta  ai  illustrated,  and 
to  ground  one  terminal  of  the  dynamo  bo  as  to  avoid  danger  o£  shodcdue  to  the  Toltageoa 
the  arniat lire  winding.  The  field  is  then  driven  at  synchronous  speed.  If  the  aimatuie  he 
designed  to  be  connected  star  for  2.300  volts,  the  voltage  generated  in  each  leg  of  the  delta 

""  >■-  1  n,n,„i..    „i '-jof  the  dynamo  were  grounded,  the  tester  migbtrt- 

itact  with  the  direct  current  circuit.    The  insulaticn 

iected  to  its  full  ooppet  loM  and  the  ai 
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Pig.  6,868. — ^Three  phase  motor  test;  voltmeter  and  ammeter  method.  If  it  be  desired  to 
determine  the  approximate  load  on  a  three  phase  motor,  this  may  be  done  by  means  of  the 
connections  as  shown  in  the  figure,  and  the  current  through  one, of  the  three  lines  and  the 
voltage  across  the  phase  measured.  If  the  voltage  be  approximately  the  rated  voltage 
of  the  motor  and  tab  amperes  the  rated  current  of  the  motor  (as  noted  on  the  name  plate) 
it  may  be  assimied  that  the  motor  is  carrying  approximatelv  full  load.  If,  on  the  other 
hand,  the  amperes  show  much  in  excess  of  full  load  rating,  the  motor  is  carxving  an  over- 
load. The  heat  generated  in  the  copper  varies  as  the  square  of  the  current.  That  generated 
in  the  iron  varies  anywhere  from  tne  1.6  power,  to  the  square.  This  method  is  very  con- 
venient if  a  wattmeter  be  not  available,  although,  it  is,  of  course,  of  no  value  for  the  deter- 
mination of  the  efficiency  or  power  factor  of  the  apparatus.  This  method  gives  fairly  accu- 
rate results,  providing  the  load  on  the  tltfee  phases  of  the  motor  be  fairly  well  balanced. 
If  there  be  much  difference,  however,  in  the  voltage  of  the  three  phases,  the  ammeter  should 
be  switched  from  one  circuit  to  another,  and  the  current  measured  in  each  phase.  If  the 
motor  be  very  lightly  loaded  and  the  voltage  of  the  different  phases  vary  by  2  or  3  per  cent. , 
the  ciurrent  in  the  tluee  legs  of  the  circuit  will  vary  20  to  30  per  cent. 
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Fig.  6,869. — ^Three  phase  motc>r  test  by  the  two  wattmeter  method.  If  an  accurate  test  of 
a  three  phase  motor  be  required,  it  is  necessary  to  use  the  method  here  indicated.  Assume 
the  motor  to  be  loaded  with  a  brake  so  that  its  output  can  be  determined.  This  method 
gives  correct  results  even  with  considerable  tmbalancing  in  the  voltages  of  the  three  phases, 
with  the  connections  as  shown,  the  sum  of  the  two  wattmeter  readings  gives  the  totalpower 
in  the  dicuit.  Neither  meter  by  itself  measures  the  power  in  any  one  of  the  three  phases. 
In  tact,  with  Hght  load  one  of  the  meters  will  probably  give  a  negative  reading,  and  it  will 
then  be  necessary  to  either  reverse  its  current  or  i>ressure  leads  in  order  that  the  deflection 
may  be  noted.  In  such  cases  the  algebraic  sums  of  the  two  readbigs  must  be  taken.  In 
otiier  words,,if  one  read^pltis  500  watts  and  the  other  minus  300  watts,  the  total  power  in 
the  circuit  will  be  500  mintis  300,  or  200  watts.  As  the  load  comes  on,  the  readings  of  the 
instrument  which  gave  the  negative, deflection  wiU  decrease  until  the  reading  drops  to  zero, 
and  it  will  then  be  necessax^  to  again  reverse  the  tnressure  leads  on  this  wattmeter.  There- 
after the  readings  of  both  instniments  will  be  positive,  and  the  numerical  stmi  of  the  two 
should  be  taken  as  the  measurement  of  the^load.  If  one  set  of  the  instruments  be  removed 
from  the  circuit,  the  reading  of  the  remaining  wattmeter  will  have  no  meaning.  As  stated 
above,  it  will  not  indicate  the  power  under  these  conditions  in  any  one  phase  of  the  circiiit. 
The  power  factor  is  obtained  by  dividing  the  actual  watts  input  by  the  product  of  the  aver- 
age of  the  voltmeter  readings  X  the  average  of  the  ampere  readings  X  1.73. 
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CHAPTER  108 


Wires  and  Wire 
Caiculations 


Wires. — Copper  is  used  in  nearly  all  cases  of  wiring  because  it 
combines  high  electrical  conductivity  with  good  mechanical 
qualities  and  reasonable  price. 


mi^^ 


Figs.  6,870  to  6,875. — Various  wires.  Fig.  6,870,  elevator  cable  for  annunciators;  fig.  6.871». 
rubber  insulated  wires  for  telephone  and  telegraph;  fig.  6,872,  twisted  weather  proof  wires; 
fig.  6.873,  slow  burning  wire;  fig.  6,874,  slow  burning  weather  proof  wire;  fig.  6.876,  ga» 
engine  ignition  cable. 


Electric  light  and  power  wires  are  tisually  of  copper.  They  vary  m 
size  from  No.  8  to  No.  0000  B.  &  S.  gauge,  or  from  yiia.ixy  nearly  }i  in. 
in  diameter.  Iron  wire  is  largely  used  tor  telegraph  and  telephone  Unes^ 
although  it  is  rapidly  being  replaced  by  copper  m  long  lines. 

Where  conductors  are  very  large  (as  for  instance  dynamo  leads),  and 
where  it  is  essential  that  they  should  be  as  flexible  as  possible,  stranda 
as  small  as  No.  20  or  22  B.  &  S.  gauge  may  be  used. 
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For  most  conditions  of  service,  wires  are  protected  with  an  insulating 
covering.  Wires  used  in  interior  circuits  should  have  a  covering  which 
shall  ad;  both  as  an  electrical  insulator  and  as  a  mechanical  protection. 

Resistance  of  Wires. — For  quick  calctdation  the  following 
method  of  obtaining  the  resistance  (approximately)  of  wires 
will  be  fotmd  convenient: 

1,000  feet  No.  10  B.  &  S.  wire,  which  is  about  .1  inch  in  diameter  (.1019) , 
has  a  resistance  of  one  ohm,  at  a  temi)erattire  of  68^  P.  and  weighs  31.4 
X)ounds.  A  wire  three  sizes  larger,  that  is  No.  7,  has  twice  the  cross  section 
and  therefore  one-half  the  resistance.  A  wire  three  sizes  smaller  than 
No.  10,  that  is  No.  13,  has  one-half  the  cross  section  and  therefore  twice 
the  resistance.  Thus,  starting  with  No.  10,  anjr  number  three  sizes  larger 
will  double  the  cross  sectional  area  and  any  wire  three  sizes  smaller  will 
halve  the  cross  sectional  area  of  the  preceding  wire. 

TABLE  OF  THE  PROPERTIES  OF  COPPER  WIRE 

Giving  wr[ghU.  length  aod  nsitUMM  of  wirat  6f  M4tthienMi*a  SUndard  Conduothrtty  lor  both 
B.  ft  S.  O.  (Brown  ft  Sharpe  Gmis*)  nnd  B.  W.  G.  (Birmingbnm  Win  GM«e)  from  Ttamaetloni 
Octob«r  1003.  of  the  Ameri<*aa  Insututo  of  Elaetrienl  Ensineea. 


Gftuges.    To  the  nearest  fouKh  eignifieent  digit. 

Wefght. 
perl.00Ofeet. 

Length. 

ResieUnee. 

Dinmeter. 

Aren. 

Feetpttlb. 

Ohme 
per  1^800  feeU 

B.ft8. 

B.w.a. 

Inehet. 

Circular 

e«8«F. 

0000 

000 
00 

• 

0 

1 

2 
3 

4 

0000 
000 

00 
0 

1 

2 
9 

4 

5 
6 

0.460 
0.454 
0.425 

0.4096 

0.380 

0.3648 

0.340 

0.3249 

0.3000 

6.2893 
0.2840 
0.2590 

0.2576 
0.2380 
0.2294 

0.2200 
0.2043 
0  2030 

211,600 
206,100 
180,600 

167.800 
144,400 
133,100 

115,606 

105,500 

90,000 

83,690 
80,660 
67,080 

66,370 
56^40 
52.630 

48,400 
41,740 
41,210 

640.5 
623.9 
546.8 

• 

508.0 
43.7.1 
402.8 

349.9 
319.5 
272.4 

253.3 
244.  t 
203.1 

200.9 
171.5- 
159.a 

146  5 
126.4 
124.7 

1.561 
1.603 
1.829 

1.969 
2.288 
2,482 

2.858 
3.130 
3.671 

3.947 
4.096 
4.925 

4.977 
5,832 
6.276 

6.826 
7.914 
8.017 

.04893 
.05023 
.05732 

.06170 
,07170 
.07780 

.08957 
.09811 
.1150 

.1237 
.1284 
.1543 

.1560 
,1828 
.1967 

.2130 
.2480 
.2513 
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TABLB  OF  THE  PROPERTIES  OF  COPPER  WIRE 

(Continued) 


Omcm.. 

ToflMIMi 

irast  fourth  sicnifieent  digit. . 

WaTi^t. 

LbT 

per  1.000  fait. 

.  Length. 

Resiatanea. 

.   I>iam«t«r. - 

Area. 

Faet|»arlb. 

Ohms 
par  1.000  feat,. 

!8.*8. 

B.  W,  G. 

Inehes. 

Circular 

@68«F. 

6 

7 
8 

0.1819 
0.1800 
0.1650 

33,100 
32,400 
27,230 

100.2 
98.08 
82.41 

%>.980 
10.20 
12.13 

.3128 
.3196 
.3803 

6 

7  ■ 

9 

0.1620 
0.1480 
0.1443 

26,250 
21,900 
20320 

79.46 
66.30 
63.02 

12.58 
15.08 

15.87 

1 

.3944 
.4727 
.4973 

1 

10 
11 

0.1340 
0.1285 
0.1200 

17,960 
16,510 
14,400 

54.35 
49.98 
43.59 

18.40 
20.01 
22.94 

.5766 
.6271 
.7190 

9 

10 

12 

0.1144 
0.1090 
0.1019 

13,090 
11,880 
10,380 

39.63 
35.96 
31.43 

25.23 
27.81 
31.82 

.7908 
.8715 
.9972 

11 

13 
14 

0.0950 

0.09074 

0.08300 

9,025 
8,234 
6,889 

27'.  32 
24.93 
20.85 

36.60 
40.12 
47.95 

1.147 
1.267 
1.503 

12 
13 

15 

0.08081 
0.07200 
0.07196 

6,530 
5,184 
5,178 

19.77 
15.69 
15.68 

50.59 
63.73 
63.79 

1.586 
1.997 
1.999 

14 

16 

17 

0.06500 
0.06408 
0.0580 

4,225 
4,107 
3,364 

12.79  . 

12.43 

10.18 

78.19 
80.44 
98.23 

2.451 
2.521 
3.078 

15 
16 

18 

0.05707 
0.05082 
0.04900 

3,257 
2,583 
2,401 

9.858 
7.818 
7.268 

101.4 
127.9 
137.6 

3.179 
4.009 
4.312 

17 
18 

1^ 

0.045260 
0.042000 
0.040300 

2.048 
1,764 
1,624 

6.200 
5.340 
4.917 

161.3 
187.3 
203.4 

5.055 
5.870 
6.374 

19 

20 
21 

0.035890 
0.035000 
0.032000 

1,288 
1,225 
1,024 

3.899 
3.708 
3.100 

256.5 
269.7 
322.6 

8.038 
8.452 
10.11 

20 
21 

22 

0.031960 
0.028460 
0.028000 

1,022 
810.1 
784.0 

3.092 
2.452 
.2.373 

323.4 
407.8 
421.4 

10.14 
12.78 
13.21 

22 

23 

0.025350 
0.025000 

642.4 
625.0 

1.945 
1.892 

514.2 
528.^ 

16.12 
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TABLE  OF  THE  PROPERTIES  OF  COPPER  WIRE 

(Concluded) 


\«MI^^V»_ 

ToflMlIM 

trwifonrilisiciiifieeBt  digit.     • 

perl,00Of<Mt. 

-LeaCth. 

RMiltaMb 

DiuMter. 

Areft. 

F«0ip«rlb. 

Glow 
POT  1.000  fotC 

.B.ftS, 

B.  W.  O. 

InehM. 

Circular 

wnOm. 

d<n*E. 

23 


24 


25 


26 
27 


28 

20 
30 

SI 


32 
33 


34 
35 
(.36 

37 

38 

39 
40 


24 
25 
26 
27 

28 
29 
30 

31 
32 
33 

34 

35 
36 


0.022570 

0.022000 
0.020100 
0.020000 

0.018000 
0.017900 
0.016000. 

0.015940 
0.014200 
0.014000 

0.013000 
0.012640 
0.012000 

0.011260 
0.010030 
0.010000 

0.009000 
0.008928 
0.008000 

0.007950 
0.007080 
0.007000 

0.006305 
0.005615 
0.005000 

0.004453 
0.004000 
6.003965 

0.003531 
0.003145 


509.5 

484.0 
404.0 
400.0 

324:0 
320.4 
256.0 

254.1 
201.5 
196.0- 

169.0 
159.8 
144.0 

126.7 
100.5 
100.0. 

81.0 

79.70 

64.0 

63.21 
50.13 
49.0 

39.75 
31.52 
25.0 

19.83 

16. 

15.72 

12.47 
9.888 


1.542 

1.465 
1.223 
1.211 

.9808 
.9699 
.7749 

.7692 
.6100 
.5933 

.5116 
.4837 
.4350 

.3836 
.3042 
.3027 

.2452 
.2413 
.1937 

.1913 
.1517 
.1483 

.1203 

.09543 

.07568 

.06001 
.04843 
.04759 

.03774 
.02993 


64b. 4 

682.6 
817.6 
825.0 

1,020 
1,031 
1,290 

1,300 
1,639 
1.685 

1,955 
2,067 
2,294 

2,607 
3,287 
3,304 

4.078 
4,145 
5,162 

5,227 
6,591 
6,742 

8,311. 
10,480 
13,210 

16,660 
20,650 
21,010 

26,500 
33.410 


20.32 

25.63 
25.88 

31.06  » 

32.311 

40.45 


40.75 
51.38 
52.83 

61.27; 
64.79 
71.00 

81.70 
103.0 
.103.5 

• 

127.8 
129.0 
161.  a 

163.8 
206.6 
211.3 

260.5 
32».4 
414.2 

522.2 
647. 1 
658.5 

830.4. 
1047.  ^ 


Safe  Ganying  Capacity  of  Wire. — ^All  wires  will  heat  wheu 
a  current  of  electricity  passes  through  them. 
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j„JSL*IMI?'5S¥  Uble  gives  afe  carrying  capacity  of  wires  for  temperatur 
mcreaso  rf  30"^  over  that  of  the  Biuroimdmg  air: 

SAFB  CAKRYINa  CAPACITIES  OP  WIRES 
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1.  Direct  Current  Wiring 

Wiring  Calculations. — In  determining  the  size  of  wire,  there 
are  four  known  factors: 

1.  Length  of  circuit  in  feet; 

2.  Maximum  current  in  amperes; 

3.  Drop  or  volts  lost  in  the  circuit,  in  %  of  the  impressed 
voltage; 

4.  Heating  effect  of  the  current. 


The  calculation  is  based  on  the  mil  foot,  which  is  a  foot  of  copper  wire 
one  mil  in  diameter  and  whose  resistance  is  equal  to  10.79  ohms  at  75^  Fahr. 


3  MILS 


Fig.  6, 882 .^-Diagram  illustrating  S9uare  mils.  A  square  mil  is  a  unit  of  area  employed  in 
measuring  the  areas  of  cross  sections  of  square  or  rectangular  conductors.  It  is  equal  to 
.000001  square  inch.  One  square  mil  equals  1 ,2732  circular  rails.  The  figure  shows  an  area 
of  nine  square  mils;  this  is  equal  to  9  X  1.2732  ■■  11.4688  circular  mils. 

Fig.  6,883. — Diagram  illustrating  circular  mils.  The  circular  mil  is  used  as  a  unit  o£  crossscc- 
tional  area  in  measuring  wires.  It  is  equal  to  the  area  of  a  circle  .001  tic.  diameter;  its  value 
is  .0000007854  square  inch.  In  the  figure  the  sum  of  the  areas  of  the  nine  small  circles  equals 
the  area  of  the  large  circle.  This  is  evident  fronii  the  following:  Take  the  diameter  ot  the 
small  circles  as  unity,  then  the  diameter  of  the  large  circle  is  three.  Hence,  the  sum  of  the 
area  of  the  small  circles  X  (M  ir  X  1«)  X  9  «  .7854  X  9  -  7.0686;  area  of  the  large  cirek 
1-  >^  X  X  3>  "  .7854  X  9  i-  7.0686.  Therefore  Since  the  area  of  the  laxge  circle  equals  the 
sum  of  the  areas  of  the  small  circles,  the  area  of  a  wire  in  circular  mils  is  equal  to  uie  square 
of  its  diameter  expressed  in  mifi. 
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The  first  step  is  to  find  an  egression  for  the  resistance  of  the  wire  which 
may  be  later  substituted  in  Ohm's  law  formula.  Accordingly,  the  resis- 
tance of  any  conductor  is  equal  to  its  length  in  feet  multiplied  by  its  resistance 
per  mil  foot  and  the  product  divided  by  its  area  in  circular  /nils,  thus: 


resistance  in  ohms 


length  in  feet  X  resistance  per  mil  foot 
circular  mils 


or 


ohms  = 


feet  X  10.8 
circular  mils 


(1) 


I  FOOT- 


I 


POINT 
OF 
SUPPLY 


I6C.RLAMP 


8C.R  LAMPS 

o.o 


10  FEET- 


o  o 


CENTEI?  OF 
DISTRIBUTION, 


I 


POINT 

•¥^   OF 

supPiy 


Figs.  6.884  and  6,885. — I^iaframs  Dlustrating  the  meaning  of  the  term  lamp  foot,  and  how  tc 
apply  it  m  calculating  a  circuit.  Aa  defined,  one  16  candle  power  lamp  at  a  distance  of  one 
fooifrom  the  fuse  block  or  point  of  supply  is  called  a  lamp  foot;  this  is  equivalent  to  one  8  candle 
power  lamp  at  a  distance  of  2  feet,  or  one  32  candle  power  lamp  one-half  foot  f lom  the  fuse 
dIocIc  In  ng.  6.885,  there  are  four  8  candle  power  lamps,  and  the  distance  to  cenUr  of  dis* 
tnbution  is  10  feet.    The  circuit  then  contains  4  -i-  2  X  10  »  20  lamp  feet. 

I 


70V.  a 


r    T     T    T 


Fig,  6,886. — Series-parallel  system  of  distribution,  /fcortsfcfao/ groups  of  parallel  connected 
receptive  devices,the  groups  being  arranged  in  the  circuit  in  series. 

Fig.  6,887. — ^Parallel-series  system  of^distribution.    /f  conaiafc  o/ groups  of  series  connected 
receptive  devices  the  groups  being  arranged  in  the  circuit  in  parallel. 
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(caUii^  i^e  resiBtaiice  p«r  mil  foot  10.8  instead  of  10.79  U>  fftdUbtte  cal- 
colaticHi). 

Now,  Bccvding  to  Ohm's  law, 

volts  -•  amperes  X  ohms (2) 

hence,  sabstitutii^  in  (2)  the  value  for  the  resistance  In  ohms,  as  obtidned 


_  . .    0.  if  pncbctbb, 

caCedinfif.6,BIM,io  that  the  diitribu 

, y  from  thg  junction  mre  the  ume.    In  fig.  e.SBSlli 

of  the  hinrtion,  J;  the  center  of  each  eroup  is  at  a  d-' " 

half  of  the  main  are  S  X  M.  The  lamp  feet  of  the  f . . 
tasoefromthefeederfuae  block  to  the  enaction.  J.  In  ^.  A.81 
uid  the  lamps,  18  c.t..  the  lamp  f«t  m  the  left  hand  main  e 
main  to  tba  liaht,  Ulcips  S'  at  10  feet,  there  are  only  a  X  10 
appear*  to  be  out  continuous  main  in  tliii  cue  would  have  to 
Mcbpait  flstned  lepantelr. 
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^  feet  X  10.8 

volts  as  amperes  X  — : ; t" 

'^  circular  mils 


or  using  the  usual  symbols 


TABLB  FOR  TAPS,.  BRIDGES  OR. OTHER  WIRES  AT 

NEGLIGIBLE  DROP 


Wire  Nos. 


E?i   52V. 
3£  Jiiov. 


300 
1.380 


260 
1.085 


200 
860 


3|4 


160 
680 


130 
560 


100 
435 


6|7 


80 
345 


8 


50 


65 

2801220 


10 

Is 

160 


i 
12,14 

24I15 
XO060 


H<^UH^ 


MAIN 


O 

S 
CD 


<!)  <^<^4>6<^<^r 


TOTBr 


HH^^Hl   <^HHHI 


MAIN 
Fig.  6,896. — Diagram  of  bridge  wiring. 
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MAIN  r^      .  S  ■  n.       .    •    .  •-   ; 

ELECTR'iCAL  <TEtDER   ELECtRICAL 
C£  ~"~ 


:NT£R: 


CUT  OUT      CENTER 
ENTRANCE  CUT  OUT 


Pig.  6,807. — ^Wiring  diagram  for  lights  requiring  tmusually  long  feeders. 


/^  ^  ^^fA 


■O 
■0 


UJ 


Pig.  6,898.— Arrangement  of  feeder  and  mains  in  parallel  system.  By  locating  the  feeder  at 
the  electrical  center,  less  copper  is  required  for  the  mams.  The  cut  does  not  show  the  fuses 
which  in  practice  are  placed  at  the  junction  of  feeder  and  main. 

Pigs.  6,899  and  6,900. — ^Wrong  and  right  methods  of  loop  wiring. 
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feet  X  10.8 
circular  mils 


(3) 


or  expressed  as  a  formula,  (3) 
means  that  the  volts  lost,  or  drop 
between  the  begimiing  and  end 
of  a  circuit  is  equal  to  the  current 
flowing  through  the  circuit  mul- 
tiplied by  the  product  of  the 
conductors'  length  in  feet 


s 


g-i 
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'  multiplied  by  the  resistance  of  one  mil  foot  of  wire,  divided  by  the  a 
of  the  conductor  in  circular  mils,  mace  the  length  of  the  circuit  ia  givea 
as  the  "nm"  or  distance  one  way,  that  is,  one  half  the  total  length  of 


1  the  circuit,  formula  ( 
drop,  that  is; 

„       ...  feet  X  10.8  : 


I  must  be  multiplied  by  3  to  get  ibe  total 


i  unknown  quantity,  the  followiiic 


icale.with 

„ ilecai    ■ 

EiKh  division  d{  the  ciicular  Kula  repTBenU  V 

a  cbuiEe  in  distwics  bctinen  A  and  B.of  ^  '^'^'I'i 

n  the  stiBigfat  •eale  be  1  and  on  tils  arcular  ictit  35,  the  disUno 
+  .03S-.13SU1C' 


WIRES  AND  WIRE  CALCULATIONS      285  -  3,645 
nTABLB  OF  VARIOUS  WIRE  GAUGES 


1 

iM 

if 

It 

d| 

i 

i| 

vs 

w 

f 

.OBNO 

■onw 

si 

3 

i 

i 

g 

■ 

1 

« 

& 

NOTS. — Tba  ibca  ctf  wtra  «ra  ordtnuilir  i»t]»«WMl  br  an  •lUtnir  ink*  af  ni 

HnldrtiiDBlcty  then  ■!«  iv^bbI  bidcpaidCBt  numlwriiig  methodl,  aothat  It  iiahrayiDC , 

to  aBeclfr  tbe  nwtlnd  or  wlni  Bmage  nisi.    The  nbov  Ubiii  tint  th«  nu«bw»  —d  dliimfm  fa 
te&ttlpuUofuiliidifoTtbeniioai     ' 
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t       •!      amperes  X  ft  X  21.6  /p^ 
circular  mils  = — - — <n n '*  w) 

Example. — What  size  wire  should  be  used  oa  a  250  volt  circuit  to  trans- 
nut  a  current  of  200  amperes  a  distance  of  350  feet  to  a  center  of  distribu- 
tion with  a  loss  of  three  per  cent,  under  full  load? 

The  volts  lost  or  drop  is  equal  to  250  X  .03  =  7.5  volts. 

Substituting  the  given  value  in  formula  (5) 

.:„.,,,  „;,,  _  350  X  200  X  21.6  _  ^,  ™ 


Diameter  -    V20X,600  =  449  mils  or  .449  in. 
From  the  table  3,634  -  274  the  nearest  (larger)  s 
B.  &  S.  gauge,* 


Tic.  6.907— Wiro 

No.  0  to  No.  40  incluB   _ 


j  so  urangeil  that  tbcy  m 


NOTE.— Ii 
tap  wad  tftlce  th 
tabla.    Tbalim 
TJ«ul,  it  B  t»p  it_. 
meuun  IIS  luup  Ci 
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Fig.  S,E>0S. — DobiDwolilcy  thru  wire  syi- 
tem  with  «lf  induction  cdH.  tncoattruc' 
tbm  tbt  coil  D.  uwy  be  carriHl  b^ond 
nvolve  with  the  dynamo  arnuture. 
Tbs  pccBiuc  M  tenniiult  ot  the  coil  i> 
aHemating.  and  the  indnctancea  of  the 
two  halves  ot  the  ci»1  D,  being  equal,  tha 
preBUie  of  tiw  neufnl  wire  O,  is  kept 
midway  betilnsn  the  ptaauna  of  the 
outiide  wirei  +  and  -.  In  ojMraHon, 
when  the  two  rides  of  the  mtaa  an 
tmbalanced   in   load,    the   dinerence    in 


other  by  the  Tieutr^  wire  paaHfl 
through  the  coil  D.  since  tlie  cun 
itaady,  or  varies  ilowlyi        ' 
fore  unimpeded  ■—  •' 


fnel/ 
seK-induction. 


t  tyitem  with  balanced  loa 


through  it.  to  oi  fi 
aide  or  the  other. 

Fig.  «,plO.— Three  n 


Tha  mlddl*  Isliw  known  as  the  nttitrat 
qua!  loadine,  that  is.  a  current  will  flow 
k  the  pnpoDdcrmncc  of  lamps  on  the  one 

,  there  are  five  laaips  in 


I  in  the 


m  with  unbalanced  load.     .4a  a^ipj 
cncuii.  requiring  :£^  amperes  of  current  at  a  pressure  of  110  vol 

uppcj  set  will  require  1  ampere,  and  the  throe  Israpi  in  the  lower  act,  l!-4  anipetKS, 

pressure  of  110  volla  can  force  only  a  current  of  one  ampere  through  resisUnce  of  the  two 
lamps  in  the  upper  set.  it  is  evident,  that  the  additional  ^  ampere  required  by  the  three 
lamp!  in  the  lower  set  will  have  to  be  supplied  through  the  neutral  wire,  as  shown. 


Pio.  8.911. — Diagram  showing  i . ,  _. „, 

JiHSet  conaists  of  a  motor  and  dynamo  connected, 
as  a  jJynamotDi. 

yic.  6.913.— Diagram  shawing  

in  this  system  is  provided  with  both ' 
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Calculations  for  Three  Wire  Circuit.— In  all  cases  of 

interior  conduit  work,  and  in  most  cases  of  inside  open  work, 
the  main  feeders  from  a  three  wire  source  of  supply  are  installed 
on  the  three  wire  plan,  and  the  sub-feeders  and  distributing 
mains,  on  the  two  wire  plan,  except  where  the  application  of  the 
method  necessitates  the  use  of  unwieldy  sizes. 

In  laTtng  out  sub-feeders  and  mains,  the  total  load,  under  normal 
(q>eiatiiif;  ocMiditioas,  should  be  divided  as  nearly  as  possible  into  tm 
equal  parts,  and  one  part  connected  on  each  side  of  the  neutral  part  of 
the  entrance  cut  out,  or  the  neutral  bus  bar  of  the  switch  board  or  panel 
board  in  an  isolated  plant,  thus  making  the  load  on  each  side  of  the  neutral 
wire  of  the  feeder  as  near  equal  as  possible. 

Fig,  6,913  shows  a  three  wire  panel  board  with  connections  for  12  mains, 
Hkjbb  shown  in  solid  lines  as  A,  B,  C,  etc.,  being  connected  between  the 
neutral  wire  and  the  negative  wire  of  Hk  feeder,  and  thoao  shown  by 
dotted  lines  as  G*  H,  I,  etc.,  being  connected  between  the  neutral  wire 


_..,„,.,,.„.._. _Hi  between  tb«  neutral  win  ud  Um  negative 

of  the  teeder,  *Qd  thoaa  ihown  br  dotted  line*,  u  O,  H,  I.  dtc,  Mecomwrtwl     " 

aentra)  wire  and  the  pontive  win  d  th«  feeder. 


I 
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and  the  positive  wire  of  the  feeder.  The  total  load  consists  of  ninety- 
one  16  candle  power  lamps,  which  are  so  distributed  that  the  positive 
wire  of  the  feeder  carries  the  current  for  46  lamps,  and  the  negative  wire, 
45  lamps,  the  neutral  wire  carrying  the  difference  or  current  for  1  lamp. 

The  proper  size  of  wire  for  the  mains  may  be  calculated  as  already 
explained,  but  in  calculating  the  outer  wires  of  the  three  wire  feeder, 
the  neutral  wire  should  be  disregarded  and  the  outer  wires  connected  as  a 
two  wire  circuit  carrying  the  totai  load  of  91  lamps  at  the  aver  all  pressure 
of  SW  volts. 

Example, — Ninety-one  16  candle  power  lamps  consuming  3.1  watts 
per  candle  power  at  a  pressure  of  110  volts,  will  require  a  current  of 

16  X  3.1  X  91        .. 

Y^ =■  41  amperes 

The  distuice  from  the  entrance  cut  out  to  the  main  or  feeder  switch 
is  200  feet,  then  for  a  2  per  cent,  drop,  or  a  loss  of  110  X  .02  «  2.2  vc^ts» 
the  cross  sectional  area  of  the  wire  will  be, 

41  amperes  X  200  feet  X  21.6  ,  ^^^^^  ^ 

2.2  volts 

The  point  resistance  of  the  lamps  on  a  three  wire  system,  however, 
would  be  four  times  greater  than  on  a  two  wire  sjrstiem;  consequently 
the  resistance  of  the  outer  wires  of  the  feeder  in  this  case  will  be  four 
times  greater  for  the  same  percentage  of  loss,  and  the  cross  sectional 
area  of  each  of  the  outer  wires  will  be,  80,509  -r  4  =  20,127  circular  mils. 
According  to  the  underwriters'  rules,  this  value  compels  the  use  of  No.  6 
B.  &  S.  gauge  wire.  ... 

If  the  lamp  voltage,  110  volts,  be  used,  the  two  wire  formula  (5)  must 
be  modified  to, 

,         .-         amperes  X  feet  X  21.6 

cu*cularmils  *»  — - — -z r-— j 

drop  X  4 

but  if  an  over  all  voltage  (that  is,  the  voltage  between  the  outer  wires), 
of  220  volts  be  used,  the  two  wire  formula  does  not  require  any  modification. 

The  proper  size  of  wire  may  also  be  calculated  by  means  of  the  formula 

drop 

sp^^  ^.  J. r: «  resistance  per  foot (1) 

2  X  distance  X  amperes 

Example. — If  in  calculating  a  three  wire  feeder,  the  over  all  voltage 
be  220  volts,  the  drop  =  4.4  vt)lts,  twice  the  distance  »  400  feet,  and 
the  current  «  20  5  amperes,  then, 
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4.4  volts 


400  feet  X  20.5  amperes 


.0005365  ohms  per  foot 


In  the  table  of  the  properties  of  copper  wire  which  gives  the  resistanoe 
of  various  sizes  of  wire,  it  will  be  noted  that  at  all  of  the  given  tempera* 
tures  No.  8  wire  has  a  resistance  greater  than  the  value  just  calculated, 
therefore,  No.  6  B.  &  S.  gauge  wire  should  be  used  for  the  outer  wires 
of  the  feeder.  In  the  table  the  resistance  is  given  per  1,000  feet,  hence 
it  is  only  necessary  to  move  the  decimal  x>oint  to  obtain  the  resistance 
per  foot. 

If  the  calculation  be  based  on  the  lamp  voltage,  110  volts,  the  formula 
(1)  must  be  modified  to 


Pig.  6,914. — ^Three  wire  compensator  system.  A  and  B  are  the  compensators  or  equalizers* 
They  consist  of  auxiliary  dynamos  coupled  together  and  connected  to  the  system  as  shown. 
D,  is  the  main  dynamo,  and  £,  a  booster. 


drop  X4 


2  X  distance  X  amperes 


=  resistance 


(2) 


In  this  case,  drop  »  2.2  volts,  2  X  distance  »  400  feet,  and  current 
«■  41  amperes,  then. 


2.2  volts  X  4 


8.8 


400  feet  X  41  amp.       16,400 


*-  .005364  ohms 


NOTE. — Size  of  the  neutral  wire* — ^In  three  wire  circuits,  the  sise  of  the  neutral  wis* 
will  depend  to  a  great  extent  upon  operating  conditions.  In  the  case  of  installations  which 
occasionally  have  to  be  worked  as  two  wire  systems,  the  cross  section  of  the  neutral  wire  should 
be  equal  to  the  combined  cross  section  of  the  two  outer  wires.  For  interior  wiring  which  must 
pass  inspection,  the  neutral  wire  must  always  be  twice  the  size  of  one  of  the  outside  wires. 
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660  Watt  Circuits. — In  lajdng  out  interior  wiring  to  conform 
to  the  requirements  of  the  Code,  all  circuits  should  be  so  balanced, 
and  distributed  so  that  the  total  wattage  of  all  the  lamps  in  each 
circuit  will  not  exceed  660  watts. 

Electric  irons,  heaters,  washers,  and  other  appliances  should  have  special 
base  or  wall  receptides  which  shotild  be  run  as  a  special  circuit  and  cal- 
culate as  660  watts  where  the  load  is  less  than  660  watts,  the  size  should 
be  calculated  according  to  the  amount  of  current  the  appliance  consumes 
(amperes). 

Figuring  in  Watts  Instead  of  Amperes. — The  power 
required  to  operate  most  electrical  appliances  is  marked  in  watts. 

For  instance,  the  standard  incandescent  lamp  is  rated  as  equivalent 
to  the  light  given  by  16  candles,  and  may  consume,  according  to  type  and 
make,  from  50  to  56  watts,  or  from  3.1  to  3.5  watts  per  candle  power. 
Therefore,  a  660  watt  circuit  will  carry  thirteen  16  candle  power  49.6 
watt  Isunps,  or  eleven  56  watt  lamps. 

The  proper  size  wire  for  a  660  watt  circuit  will  depend  upon  the  voltage 
for  which  the  lamps  are  made.  For  example:  a  16  candle  power  lamp 
whic^  consumes  56  watts  on  110  volt  circuit  will  take,  56  4-  110  ■•  .5 
or  a  ampere  of  current,  while  the  same  lamp,  if  made  for  220  volts,  will 
take  only  55  -5-  220  »  .25  or  }^  ampere.  Therefore,  eleven  16  candle 
power  56  watt  lamps  will  require  a  current  of  5}^  amperes  at  110  volts, 
or  2%  amperes  at  220  volts. 

According  to  the  laws  of  resistuice,  the  resistance  of  a  round  wire  is 
inversely  proportional  to  the  square  of  the  diameter,  and  if  the  circuit 
be  taken  at  100  feet,  and  the  allowable  percentage  of  drop  at  1  volt, 
then  according  to  formula  (5),  on  page  748,  the  wire  required  for  a  circuit 
carrying  eleven  16  candle  power  56  watt  110  volt  lamps,  will  have  a  cross 
sectional  area  of, 

while  the  same  number  of  lamps  on  a  220  volt  circuit  will  require  wire 
having  a  cross  sectional  area  of. 


NOTE.— JViaflonaf  BUeMetd  Cod*.— No  wire  smaller  than  No.  14  may  be  tiaed  for 
electric  light  wiring  except  No.  18  which  may  be  used  in  fixtures  and  in  flcadue  cords.  For 
branch  circtiits  in  110  volt  or  220  volt  light  wiring  No.  14  wire  is  the  smallest  sixe  permitted. 
But  for  main  service  wires  the  size  of  wire  is  rarely  under  No.  12  or  No.  10  and  ia  moat 
the  local  lighting  company  should  be  consulted  as  to  minimum  size. 
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2.75  X  100  X  21.6       ^  ^n    •      i         i 
^j ■■  5,940  circular  mils 

In  order  to  conform  to  the  underwriters'  requirements,  No.  8,  B.  &  S. 
gatige,  wire  must  be  used  for  the  circuit  carrying  the  110  volt  lamps^ 
while  No.  12,  B.  &  S.  wire,  would  be  sufficient  for  the  220  volt  circuit. 

Figuring  in  Watt  Feet.— Dy  definition  a  watt  foot  is  the 
product  of  one  watt  multiplied  by  one  foot;  it  is  a  convenient  unit 
for  quick  calculation  with  the  aid  of  tables. 

30  Volts 

Rule* — ^To  find  the  size  of  wire  to  carry  a  given  number  of  watts  a  given 
distance,  on  30  volt  circuits,  tnulUply  the  distance  in  feet  by  the  total  number 
of  watts  to  he  carried  (thus  obtaining  the  watt  feet) ,  and  use  the  size  of  wire 
in  the  table  specified  for  the  nearest  number  of  watt  feet, 

TABLE  OF  WATT  FEET  FOR  30  VOLTS 

Between            0  and    18,870  watt  ft.  use  No.  12  wire 

«          18,871  «  29,000  "  «  «  «  10  « 

29,000  «  46,545  «  «  «  «  g  ** 

'^         46,545  «  73,018  «  «  «  «  6  « 

73,018  «  116,363  «  «  «  «  4  « 

*        116,363  «  186.180  «  «  «  «  2  * 

186,180  «  232,727  «  «  «  «  1  « 

232,727  «  290,000  '^  «  «  «  0  « 

«        290,000  "  372,362  «  «  «  «  00  « 

Example. — ^Ten  20  watt  lamps  are  to  be  installed  in  a  bam  200  ft. 
distant.    What  size  wire  is  requured  for  30  volt  circuit? 

Load  »  10  X  20  X  200  »  40,000  watt  ft.  Nearest  size  wire  from  table 
is  No.  8. 

110  Volts 

Rule. — In  using  the  table  just  given  for  110  volts  multiply  either  the  watts 
or  the  distance  by  Z% — ^because  for  a  given  load  the  current  is  reduced 
110  -s-  30  «  3%  times  as  compared  with  30  volts. 

Example. — ^Ten  20  watt  lamps  are  to  be  installed  in  a  bam  200  ft' 
distant.    What  size  wire  is  required  for  110  volt  circuit? 

Load  =  10  X  20  X  200  X  40,000  watt  feet,  and  for  110  volts,  40,000 
H-  3^  »  1,090  watt  feet.    Nearest  size  wire  from  table  is  No.  12. 
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The  following  table  gives  minimum  size  wire  for  d.c.  motor 
wiring  when  wires  are  concealed  or  partly  concealed,  also  good 
practice  for  open  wires. 


MINIMUM  WIRE  SIZES  FOR  MOTORS 

(Western  Electric  Co.) 


Size  wire  B.  &  S.  Gauge 


H.P. 


1 
2 


jl 


30 
volts 
14 
14 
10 
8 


•  • 


110 

volts 


14 
14 
12 


220 

volts 


14 

14 
14 


Size  Wire  B.  &  S.  Gauge 


H.P, 
3 
4 
5 

10 


30 

volts 


110 

volts 

10 

8 

6 

4 
3 


220 

volts 

14 

12 

10 

8 

6 


Pig.  6,915. — Diagram  showing  dynamotor  connections  when  used  as  an  equalizer  in  the  thne 
wire  system.    DM,  dynamotor,  G,  generator  side;  M,  motor  side. 

This  table  only  shows  safe  size  of  wire  to  avoid  overheating.  If  motor 
be  over  30  ft.  from  d)mamo,  larger  wire  must  be  used.  Find  amperes  in 
the  table  which  follows  and  select  size  of  wire  by  using  the  table  of  watt 
ft.,  dividing  the  watt  ft.,  by  the  proper  factor  for  voltages  other  than  30. 


Approximate  Amperes  Taken  at  30  Volts 


-Motors- 


Horsepower     Amperes 
Hi  2H 


s 


5 

9 

16 

30 


—Mazda  Lamps 
Watts    Amperes 

10  .3 

20  .7 

40  1.8 

76  2.5 
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Amperes  Afnperes 

6  in.  4  blade,  fan  motors 80  Coffee  percolator 14.0 

12  in.,  6  blade  fan  motors 1.00  Water  neater 15.6 

Flatiron 16.4  Soldering  iron 10.0 

Toaster 15.0  Cleaner 4.0 

Disc  heater 15.0  Washing  machine 8.0 

Water  heater 9.4  Sewing  machine 66 

A  motor  is  rated,  by  the  power  it  delivers,  not  by  the  power  it  takes. 
The  figures  given  are  the  approximate  amperes  when  the  motor  is  working 
at  full  load. 

Example^ — ^What  size  wire  is  required  for  a  h,p,  motor,  220  volt  motor 
located  200  feet  from  the  dynamo? 

Prom  the  table  of  approximate  amperes  at  30  volts,  a  1  h,p,  motor 
would  require  30  amperes.  Load  at  30  volts  »  30  X  30  X  200  -•  180,000 
watt  feet,  and  for  220  «  180,000  X  30  -h  220  «  24,545  watt  feet.  Size 
wire  for  table  of  watt  feet  for  30  volts  is  No.  10. 

Ratings  in  Watts. — ^A  motor  is  rated  by  the  power  it  delivers , 
not  by  the  power  it  takes .  The  figures  given  are  the  approsdmat  e 
watts  at  full  load. 

APPROXIMATE  WATTS 

(Western  Electric  Co.) 

1/16  H. P.  motor 75  Washing  machine,  y«H. P....  230 

l/&H.P.motor ^  150  Dish  washer,  Vi  H.P 200 

1  /6  H  .P .  motor 210  6  in .  fan 23 

}4H.P.  motor 270  9  in.  fan,  non-osdUating 25 

Sewing  machine 20  Electric  iron 500 

For  sewing  machine 20  Toaster 440 

Vacuum  cleaner,  Vi J  H.P 120  [450 

Vacuum  cleaner,  Vis  H.P 120  Disc  heater  (various  sizes). . . .  {  to 

Vacuum  cleaner,  y«  H.P 230  1600 

Washingmachiue,  V«H.P....  230 

Wire  Calculations  for  Motors. — ^The  proper  size  of  wire  for 
a  motor  may  be  readily  determined  by  means  of  the  following 
formula: 

.      ,        .,      H.P.X746XDX21.6  ,^, 

circular  mils= exLXK 
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,  P,  —  horse  power  of  motor; 
746  -  watts  per  H.  P.; 

D  =  length  of  motor  circuit  from  fuse  block  to  motor; 
!1.6  "  ohms  per  foot  run  in  circuit  where  wires  are  one  b 

E  =  voltage  at  the  motor; 

L  "  drop  m  percentage  of  the  voltage  at  the  motor; 

K  =  efficiency  of  the  mo' 


Tio.  fl,9ia— Phantnm  view  of  SUnett  mictomeler  calipers  ehowing  comtTuetioii.     Owr.tbe 
bAnel  ia  placed  a  thin  graduated  rieeva,  which  causea  the  base  or  ien>  line,  initaad  of  haTinc 


■el  ilaeK.    This  sleeve  may  be  turned  bymoana  o£  a  Boiall 
ne  correct  to  compensate  for  wear.    The  thin  iT 
dirt  from  the  screw.    A  knurled  locking  nut  contracting  a  split  hushing  arc 
tightens  and  keeps  the  spindle  ceatrJ  and  true,  or  by  a  sUght  turn  lodes 


hnng  the  sero  line  correct  to  compensate  for  wear.    The  thin  sleeve  also  ke^    , 


hushing  around  tha  ii 
u.«  u-..^^  .u^  u^,  ».  1-1  _>uauttum  locks  it  firm,  ma 
The  anvil  and  spindle  are  hardened,  Eiouiid  and  ^pped. 


Substituting  the  given  values  in  the  fonaula  on  page  758: 

.      ,         .,         10  X  748  X  200  X  21.6       ,„  „, 


The  nearest  larger  value  to  this  result ,  in  the  table  of  c&rryins  cspac 
of  copper  wire  (page  3,634  -  274),  is  41,740,  corresponding  toNo.  4  v 
B.  Se  6.  gauge. 
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In  all  cases  the  size  of  the  wire  thus  formed  should  be  compared  wi^  thai 
allowed  by  the  underwriters  for  full  had  current  of  motor,  plus  26  per  cent, 
of  that  current,  and  if  the  size  calculated  happen  to  be  smaller  than  the 
allowable  size,  it  should  be  increased  to  the  latter,  otherwise  it  will  not 
pass  inspection. 

TABLE  OF  AMPERES  PER  MOTOR 


H.P. 

Per  Cent.  EflF. 

Watts  Input. 

50  Volts. 

100  Volts. 

220  Volts. 

500  Volts. 

1^ 

70 

800 

16 

7 

4 

2 

70 

1000 

82 

15 

7 

8 

8 

76 

2980 

60 

27 

14 

6 

6 

80 

4060 

93 

42 

21 

0 

7H 

85 

6580 

132 

60 

80 

13 

10 

85 

8780 

176 

80 

40 

18 

15 

85 

13200 

264 

190 

60 

26 

20 

85 

17600 

352 

160 

80 

85 

25 

85 

21900 

438 

199 

100 

44 

30 

90 

24900 

498 

226 

113 

50 

40 

90 

83200 

664 

301 

151 

66 

50 

90 

41400 

828 

376 

188 

83 

60 

90 

49700 

994 

452 

226 

99 

70 

90 

58000 

1160 

527 

264 

116 

80 

90 

66300 

1330 

603 

302 

133 

90 

74600 

1490 

678 

389 

149 

100 

90 

82900 

1660 

755 

877 

166 

120 

90 

99500 

1090 

•05 

453 

199 

160 

90 

124000 

2480 

1130 

564 

m 

248 

TABLE  OF  AMPERES  PER  DYNAMO 


K.W. 

125  Vs. 

250  Vs. 

500  Vs. 

l^^p; 

K.W. 

125  Vs. 

250  Vs. 

500  Vs. 

^ 

1. 

8 

4 

2 

1.8 

80. 

240 

120 

60 

40. 

2. 

16 

8 

4 

2.7 

87.5 

800 

150 

75 

50. 

8. 

24 

12 

6 

4.0 

40. 

320 

160 

80 

53. 

6. 

40 

20 

10 

6.7 

50. 

400 

200 

100 

67. 

7.5 

60 

80 

15 

10. 

60. 

480 

240 

120 

80. 

10. 

80 

40 

20 

13. 

75. 

600 

800 

150 

100. 

12.5 

100 

50 

25 

17. 

100. 

800 

400 

200 

134. 

15. 

120 

GO 

80 

20. 

125. 

1000 

500 

250 

167. 

20. 

160 

80 

40 

27. 

^- 

1200 

600 

800 

201. 

25. 

1:00 

100 

50 

84. 

1600 

800 

400 

268. 

To  determine  the  current  required  for  a  motor,  as  for  instance,  the  10 
H.  P.  motor  under  consideration,  multiply  the  horsepower  by  7^B,  and 
divide  the  product  by  the  voUage  of  the  motor  multiplied  hy  its  efficiency  as 
foUaws:  (10  X  746}'  -«-  (220  X  .90)  -  37.6  ampere^ 
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This  value  increased  by  25  per  cent,  of  itself  (37.6  X  .25  =  9,4  amp.)  is 
■    a  37.6  plus  9.4  ■=  47  amperes.     In  the  table  of  carrying  capacities 
aer  wire  (page  277-3,837),  60  amperes  is  given  as   the  allowable 


t   copper  1 

s  amply  large. 


carrying  capacity  of   No,  6,  B.  &  S.  gauge,  rubber  covered  wire,  hence 


MISCELLANEOUS  FORMULAE  FOR  COPPER  WIRES 

Diameter  squared  ••  circular  mils 

Circulai  mils  X  .7854  «■  square  mils 

,000003027  X  circular  mils  -  lbs.  per  ft. 

.003027  X  circular  mils  -  lbs.  per  1,000  ft. 

.0169847  X  circular  mils  ■•  lbs.  per  mile 

.003879  X  square  mils    -  lbs.  per  1,000  ft. 

,33033  -^  circular  mils  -  ft,  per  lb, 

.0000002024  X  circular  mils  -  lbs.  per  ohm 

,342  ■*■  circular  mils  =  ohms  per  lb, 

,096585  X  circular  mils  ■■  ft.  per  ohm 

10.3S356S  +  circular  mils  -  ohms  per  ft. 

Breaking  weight  of  wire  ■;-  area  =  breaking  weight  per  square  indi. 
Breaking  weight  per  square  inch  X  area  ■>  breakir^  weight  of  wire. 
't  times  the  weight  of  iron  wire  of  sai 


Fig.  S.Q17. — Diagttm  ■bowing  capicitiet  of  MblM  lot  both  open  and  conooJod  work  u 
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2,  Alternating  Current  Wiring 

Because  of  the  peculiar  behaviour  of  a.c.  current,  there  are 
several  effects  which  must  be  considered  in  making  a.c.  wiring 
calculations,  which  do  not  enter  into  d.c.  calculations.  They 
are: 


Induction. — The  effect  of  induction,  whether  self-induction 
or  mutual  induction,  is  to  set  up  a  back  pressure  of  spurious 
resistance,  which  must  be  considered,  as  it  sometimes  materially 
affects  the  calculation  of  circuits  even  in  interior  wiring. 


If  the  circuit  be  straight,  there  will  be  little  self-induction,  but  if  coiled, 
the  effect  will  become  pronounced.  If  the  surrounding  medium  be  air, 
the  self-induction  is  small,  but  if  it  be  iron,  the  self-induction  is  considerable. 
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V-jftV:?- 


jW- 


rfo*™ 


i'ii 


When  iron  conduits  ara 
used,  the  wires  of  each  cir- 
cuit should  not  be  installed  in 
separate  conduits,  because 
such  ajranzement  viU  cause 
;ssive  sdf -induction. 


Mutual  induction  is  Ihe 
t^ect  of  one  aiUmating  current 
ctrcuit  upon  another.    Its  effect 

as  a  rule  in  ordinary  installa- 
tions is  negligible. 

The  effect  of  mutual  induc- 
tion is  to  induce  surges  in.  the 
line  where  a  difference  of  fre- 
quency eidsts  between  the  two 
currents,  and  to  induce  high 
electrostatic  charges  in  lines 
carrying  Uttle  or  no  current, 
such  as  telephone  lines.  The 
effect  may  be  nullified  t^ 
transpositums;  that  is,  by 
transposing  the  wires  of  one 
of  the  lines  so  that  the  dTect 
I»t>duced  in  one  section  !■ 
opposed  by  that  in  another. 

Capacity. — In  any- 
given  system  of  electrical 
conductors  a  pressure  dif- 
ference between  two  of 
them  corresponds  to  the 
presence  of  a  quantity  of 
electricity  in  each. 

The  constant  connecting  the 
charge  and  the  resulting  pres- 
sure IS  called  the  capacity  of 
the  system.  All  circuits  have 
a  certain  capacity,  because 
each  conductor  acts  like  the 
plate  of  a  condenser,  and  the 
insulating  medium,  acts  as 
the  dielectric.  The  cwacity 
depends  upon  the  insulation. 


WIRES  AND  WIRE  CALCULATIONS      301  -  3,661 


! 


8. 

X 


w 


ii!§3  iliS  nU  S3i§  SISS  !§§§  9S3 

aUSS      9^9*^       SSSd       dSfiS       dfiSa       SSSfS^B       0*««« 

eoee  eeoA  eoee  oeee  eeee.oeoo.  Bee 


•     •     •  •     • 


»eeo 


SSS9   SSS2(9~'SSMlSSS9:SS9i9lSSM   SSS9 


H 


I* 


j^ 


i 


hi 


1^ 


s     a 


6 


8 


i§S  sliS  alSI  glSi  SSSs  g§g§  §|g| 

i.i«v<      Mfi4fi4««      0»«v4^      5tf^0      8«!*e*^      ^^^^      «>r«r«<^ 

^oo    oeeo    o<~ 


to    oeeo 


eoee    eoee 


SSdl9   9SS(9^SS^9   SSSi9   SiM9   U^&9   SSS9 


II      ^      ^      If      ^ 


§ 


8 


^Bha 


—       * 


sll 


* 


g 


'I 


•:•«< 


I—*     o< 


OCOi 


'2a5l*_22:;::9   38359   22S9~2a259"aa2l9   22S9 


H 


"2 


I 


^11 

41  ll 


•^HiMtoMM^ii^Mi 


s 


a 


s 


8 


^ 


^ 


^OM      ««( 


ii'ii 


'^S**    S*^SS^  '  &SS^    itSSS 


il 


l^ 


2SSS9_2SS;.9  SSS9  22S9  2SS9  2SS9.22S9 


~\ 


s      ^ 


8 


m 


H 

III 

9  8*1 

ill 

M 

III 

m 

gsi 

+*  O    <* 
•c       '13 

^3  I 

H 

a- 


n 


3,662-  302      WIRES  AND  WIRE  CALCULATIONS 


c- 


38.83  sc  10-» 
log(D+d) 

38.83  X  10-» 
'  log  i^^d) 

19.42  X  1(M 
'log    iiA-i-d) 


per  mile,  instilated  cable  with  lead  sheath; 


per  mile,  single  conductor  with  earth  return; 


per  mile  of  parallel  conductors  forming  metallic  circuit; 


in  which 


C -•Capacity  in  micro-farads;  for  a  metallic 
circuit.  C  ^capacity  between  wires; 

«(-•  Specific  inductive  capacity  of  insulating 
material;  "l  for  arc,  and  2.25  to  3.7 
tor  rubber; 


D  -•  Inside  diameter  of  lead  sheath; 

d  a  Diameter  of  conductor; 

/»-•  Distance  of  conductors  above  ground; 
A  -•  Distance  between  wires. 


Figs.  6,026  to  6,030. — Skin  effect  and  shield  effect.  Fig.  6,926,  section  of  conductor  illustrat- 
ing slan  effect  or  tendency  of  the  alternating  current  to  distribute  itself  unequally  through 
tile  cross  section  of  a  conductor  as  shown  by,  the  varied  shading,  which  represents  the  cur- 
rent flowing  most  strongly  in  the  outer  portions  of  the  conductor.  For  this  reason  it  has 
been  proposed  to  use  hollow  or  jflat  instead  of  solid  round,  conductors;  however,  with  fre- 
quency not  exceeding  100,  the  skin  effect  is  negligibly  small  in  copper  conductors  of  the  sizes 
usually  employed.  In  fi^.  6,927  and  6,928,  or  6,929  and,  6,930,  if  two  adjacent  conduc- 
tors be  carrying  crirrent  m  the  same  direction,  concentration  will  occur  on  those  parts  of 
the  two  conductors  remote  from  one  another,  and  the  nearer  parts  will  have  less  current, 
that  is  to  say,  they  will  be  ahielded.  In  this  case,  the  induction  due  to  one  conductor  will 
exert  its  opposing  effect  to  the  greatest  extent  on  those  parts  of  the  other  conductor  nearest 
to  it;  this  effect  decreasing  the  deeper  the  latter  is  penetrated. 

Frequency. — The  number  of  cycles  per  second  has  a  direct 
effect  upon  the  inductance. 

In  the  case  of  a  transmission  line  alone;  the  lower  frequencies  are  the 
more  desirable,  in  that  they  tend  to  reduce  the  inductance  drop  and  charg- 
ing ctirrent.    The  inductance  drop  is  proportional  to  the  frequency. 

Skin  Effect. — ^The  tendency  of  a,c,  current  to  confine  itself 
to  the  outer  portions  of  the  conductor  has  the  effect  of  increasing 
the  ohmic  resistance. 

If  the  conductor  be  large,  or  the  frequency  high,  the  central  portion 
of  the  conductor  carries  little  if  any  current,  hence  the  resistance  is  there- 
fore greater  for  alternating  current  than  for  c^ect  current. 
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For  frequencies  of  60  or  less,  with  conductors  having  a  diameter  not 
greater  than  0000  B.  &  S.  gauge,  skin  effect  may  be  neglected. 

To  calculate  skin  effect  for  a  given  wire,  its  area  in  circular  mils  is  mul- 
tiplied by  tTie  frequency,  which  gives  the  ratio  of  the  wire's  ohmic  re- 
sistance to  its  combined  resistance. 

The  following  table  gives  these  ratio  factors  for  large  wires. 
RATIO' FACTOR*  FORTCOMBINED  RESISTANCE 


Cir.  mils. 
X  frequency 

Ratio 
factor 

Cir.  mils. 
X  frequency 

Ratio 
factor 

10,000,000 
20,000,000 
30,000,000 
40,000,000 
50,000,000 

eo.oo0.ooe 

1.00 
1.01 
1.03 
1.05 
1.08 
1.10 

70,000,000 

80,000,000 

90,000,000 

100,000,000 

125,000,000 

150.000.000 

1.13 
1.17 
1.20 
1.25 
1.34 
1.43 

Pig.  6,931. — ^E 1  e  c  t  r  o- 
xnag^netic  and  electro- 
static fields  surround- 
ing the  conductors  of  a 
transmission  line.  The 
electromagnetic  field  is 
represented  by  lines  of 
magnetic  force  that 
surround  the  conductors 
in  dxcles,  (the  solid 
lines)  and  the  electro- 
static field  by  (dotted) 
circles  passingfrom  con- 
ductor to  conductor 
across  at  right  angles  to 
the  magnetic  circles. 
For  any  given  size  of 
wire  and  distance  apart 
of  wires,  there  is  a  cer- 
tain voltage  at  which 
the  critical  density  or 
critical  gradient  is 
reached,  where  the  air 
breaks  down  and  lum- 
inosity begins— the  critical  voltage  where  corona  manifests  itself .  At  still  higkervoltages,  corona 
spreads  to  further  distances  from  the  conductor  and  a  greater  volume  of  air  becomes  lumi- 
nous. Incidentally,  it  produces  noise.  Now  to  produce  light  requires  i)ower  and  to  pro- 
duce noise  requires  power.  Air  is  broken  down  and  is  heated  in  breaking  down,  and  to 
heat  also,  requires  poweritherefor©,  as  soon  as  corona  forms,  power  is  consumed  or  dissi- 
pated in  its  formation.  When  this  phenomenon  occurs  on  the  conductors  of  an  alternating 
current  circuit,  a  change  takes  i>lace  in  relation  to  current  and  voltage.  On  the  wires  of 
an  alternating  current  transmission  line,  at  a  voltage  below  that  where  corona  forms — at 
a  voltage  where  wires  are  not  luminotis — considerable  current,  more  or  less  ^depending  on 
voltage  and  length  of  wire,  flows  into  the  circuit  as  capacity  current  or  charging  current.  . 
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Corona  Effect. — ^When  two  wires,  having  a  great  difference 
of  pressure  are  placed  near  each  other,  a  certain  phenomenon 
occurs,  which  is  called  corona  effect. 

When  the  spacing  or  distance  between  the  wires  is  small  and  the  differ- 
ence of  pressure  in  the  wires  very  great,  a  continuous  passage  of  energy 
takes  place  through  the  dielectric  or  atmosphere,  the  amotmt  of  this  en- 
ergy may  be  an  appreciable  percentage  of  the  power  transmitted.  There- 
fore in  laving  out  high  pressure  transmission  lines,  this  effect  must  be 
considered  in  the  spacing  of  the  wires. 

They. should  be  so  ^ced  as  to  lessen  the  tendency  to  leakage  and  to 
prevent  the  wires  swinging  together  or  against  towers.  The  spacing 
should  be  only  sufficient  for  safety,  since  increased  spacing  increases  the 
self-induction  of  the  line,  and  while  it  lessens  the  capacity,  it  does  so  only 
in  a  slight  degree. 

The  following  spacing  is  in  accordance  with  average  practice: 
SPACING  FOR' VARIOUS  VOLTAGBS 


Wire  Calculations. — In  the  calculation  of  a.c,  circuits,  the 
two  chief  factors  which  make  the  computation  different  from 
that  for  direct  current  circuits,  is  induction  and  power  factor. 
The  first  depends  on  the  frequency,  and  physical  condition  of  the 
circuit,  and  the  second  upon  the  character  of  the  load. 

Induction  may  be  neglected  in  cases  where  the  wires  of  a  circuit  are 
not  spaced  over  an  inch  apart,  or  in  conduit  work,  where  both  wires  are 
in  the  same  conduit.  Induction  must  be  considered  on  exposed  circuits 
with  wires  separated  several  inches,  especially  with  large  wires. 

The  size  of  wire  for  any  alternating  circuit  may  be  determined 
by  slightly  modifying  the  formula  used  in  direct  current  work» 
which  as  derived  on  page  3,646-286,  is: 
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-         .-      amperes  X  feet  X  21.6  ,-. 

circular  mils  =  — (1) 

drop  ^ 

It  is  sometimes  however  convenient  to  make  the  calcttlation  in  terms  pf 
watts.     Formula  (1)  may  be  modified  for  such  calculation. 

In  modifying  the  formula,  the  "drop"  should  be  expressed  in  percentage 
instead  of  actual  volts  lost,  that  is,  mstead  of  the  oifferenc^*^.  in  pressure 
between  the  beginning  and  the  end  of  the  circuit. 

In  any  circuit  the  loss  in  percentage,  or 


from  which 


%loss  =  . ^2P .xiOO 

impressed  pressure 

-       _  %  loss  X  impressed  pressure  .^. 

°^  100  


Substituting  equation  (2)  in  equation  (1) 

amperes  X  feet  X  21 .6 
,  .,        %  lossXimp.  pressure 

circular  mils  = rrr 

_amperes  X  feet  X  2,160 
%  loss  X  imp.  pressure 


(3) 


•   Equation  (3)  is  modified  for  calculation  in  terms  of  watts  as 

follows:    The  power  in  watts  is  equal  to  the  applied  voltage 

multiplied  by  the  current,  thaf  is  to  say,  the  power  is  equal  to 

the  volts  at  the  consumer* s  end  of  the  circuit  multiplied  by  the 

current,  or  simply 

watts  =  volts  X  amperes 

from  which 

watts  /^N 

amperes™ (4; 

volts 
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circular  mils = 


watts 

-;^^57  X  feet  X  2,160 


%  loss  X  volts 
_watts  X  feet  X  2.160 
%  loss  X  volts* 


(5) 


This  formula  (5)  applies  to  a  direct  current  two  wire  circuit, 
and  to  adapt  it  to  any  alternating  current  circuit  it  is  only  neces- 
say  to  use  the  letter  M  instead  of  the  number  2,160.  thus 

drciilar  nj|b  _  *»«»  x  f "' x  M       .g. 

%  loss  X  volU»        ^  ' 

in  which  M  is  a  coefficient  which  has  various  values  according 
to  the  kind  of  circuit  and  value  of  the  power  factor.  These 
values  are  given  in  the  following  table: 


V)ILUES  OF  M 


SYSTEM 

• 

POWER  FACTOR                                  1 

1.00 

2,160 
1.080 

1,080 

.98 

,95 

2,400 
1,200 

1,200 

90 

• 

•   85 

• 

.80. 

.75 

3,840 
1,920 

1.920 

.70 

.65 

.60 

Single  phase 
Two  phase' 
^  (4  wire) 
Three  phase 
'    (3  wire) 

2,249 
1,125 

1,125 

2,660 
1,330 

1,330 

8,000 
1.500 

1.500 

3,380 
1,690 

i,690 

4,400 
2,200 

2,200 

5,112 
2,556 

• 

2.556 

6,000 
3,000 

3,000 

V 

NOTE. — ^The  above  table  is  calculated  aa  follows:   For  ainglm  phaae  M  ""2,160  •!>  power 
factor*  X 100;  for  two  phoM  four  wire,  or  three  phase  thxee  wire.    M-^  i  (2,100-1- power 
factor*)  100.    Thus  the  value  of  M  for  a  single  phase  line  with  power  factor  .05  —2,160  ••-.95' 
XlOO -2,400. 
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It  must  be  evident  that  when  2,160  is  taken  as  the  value  of  M, 
formula  (6)  applies  to  a  two  wire  direct  current  circuit  and  also 
to  a  single  phase  a.c,  circuit  when  the  power  factor  is  unity. 

In  the  table,  the  value  of  M,  for  any  particular  power  factor  is. 
foimd  by  dividing  2,160  by  the  square  of  that  power  factor  for 
single  phase  and  twice  the  square  of  the  power  factor  for  twa 
phase  and  three  phase. 


Figuring  With  Watts.— The  table  which  follows  is  for  findingf 
the  value  of  the  current  in  the  line  using  the  formula. 

I=W-^(EXT) 

in  which  I  =  current  in  line;  E,  voltage  between  main  conductors  at 
receiving  or  consumers'  end;  W  «  watts. 

VALUES  OF  T 


Systbic 

Power  Factok                    1 

1.00 

.98 

90 

.80 

.70 

Single  phase 

1.00 
2.00 
1.73 

.98 
1.96 
1.70 

.90 
1.80 
1.55 

.80 
1.60 
1.38 

.70 
1.40 
1.21 

Two  phase,  4  wire 

Three  phase,  3  wires. . . 

Example. — ^What  is  the  current  in  a  two  phase  line  transmitting  1,000' 
watts  at  550  volts,  power  factor  .8  ?  Substituting  1  «  1,000  -t-  (550  X  1.6) 
=  1.13  amperes. 

There  is  no  saving  in  copper  using  two  phases,  but  it  is  desirable  on 
power  circuit  because  two  phase  motors  are  self -starting.  For  equal 
working  conditions,  each  wire  of  the  three  phase  system  is  half  the  size 
of  one  of  the  wires  of  the  single  phase  system,  hence  the  weight  of  copper 
required  for  the  three  phase  system  is  75%  of  that  required  for  the  single 
phase  system.  Since  m  the  two  phase  system  half  of  the  load  is  earned 
by  each  phase,  each  wire  of  the  three  phase  system  is  the  same  size  as  one 
of  the  wires  of  the  two  phase  system,  hence,  the  copper  required  by  the 
three  phase  system  is  75%  of  th^t  required  by  the  two  phase  system. 
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Example* — ^What  size  wires  must  be  used  on  a  single  phase  circuit 
2,000  feet  in  length  to  supply  30  kw.  at  220  volts  with  loss  of  4%»  the 
power  factor  being  .9? 

The  formula  for  circular  mils  is 

-        .,        watts  X  feet  X  M  ,-. 

curcularmils  -     ^r  i ^ — rrr" (1) 

%  loss  X  volts*  ^  ' 

Substituting  the  given  values  and  the  proper  value  of  M  from  the  table, 
in  (1) 

drcularnuls  -  «>-«^  ^  ^^  ^'^  -  824,380 

Referring  to  the  accomi>anying  table  of  the  properties  of  copper  wire, 
the  nearest  larger  size  wire  is  No.  1  B.  &  S.  gauge  having  an  area  of  83,690 

circular  mils. 


Drop. — In  order  to  detetmme  the  drop  or  volts  lost  in  the 
line,  the  following  formula  may  be  used 

drop  =  ^ '«";;/"'*»  X  S (1) 

in  which  the  %  loss  is  a  percentage  of  the  applied  power,  that 
is,  the  power  delivered  to  the  constuner  and  not  a  percentage  of 
the  power  at  the  alternator.  'Volts'*  is  the  pressure  at  the 
consumer's  end  of  the  circuit. 

The  coefficient  S,  has  various  values  as  given  in  the  accompanying  tables. 
As  will  be  seen  from  the  table,  the  value  of  S,  to  be  used  depends  upon  the 
size  of  wire,  spacing,  power  factor  and  frequency. 

These  values  are  accurate  enough  for  all  practical  purposes,  and  may 
be  used  for  distances  of  20  miles  or  less  and  for  voltages  up  to  25,000. 

On  longer  lines  the  capacity  effect  makes  this  method  of  determining 
the  drop  somewhat  inaccurate. 

Example. — ^A  circuit  supplying  current  at  440  volts,  60  frequency, 
with  5%  loss  and  .8  power  factor  is  composed  of  No.  2  B.  &  S.  gauge  wires 
spaced  one  foot  apart.    What  is  the  drop  in  the  line? 
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TALttt  or  *■«"  im  as  onus 
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According  to  the  f  ormtila 

drop 


%  loss  X  volts 
100 


xs 


Substituting  the  given  values,  and  the  value  of  S,  as  obtained  from  the 
table  for  frequency  60 

drop  «  ^^^  X  1  -  22  volts 

Current. — ^As  has  been  stated,  the  effect  of  power  factor  less 
than  unity,  is  to  increase  the  current;  hence,  in  inductive  circuit 
calculations,  the  first  step  is  to  determine  the  current  flowing  in  a 
circuit.    This  is  done  as  follows: 


FEEDERS 


V. 


AUXILIARY  BUS  BAR 


140 


125 

V0U5 


125 
VOLTS 


\2B 
VOLTS 


)40 
VOLTS 


UO 
VOLTS 


DYNAMOS 


Tig.  6,032. — ^Diagram  showing  use  of  auxiliary  bus  bar.^  In  otder  to  avoid  the  necessity  for 
boosters,  some  stations  have  an  extra  bus  bar,  which  is  kept  at  a  higher  vreasun  than  the 
main  bu8|  and  to  this  ate  connected  the  feeders  that  have  an  extra  large  drop. 


ctirrent  = 


and 


apparent  load  = 


apparent  load 
volts 

watts 


power  factor 


(1) 


(2) 


Substituting  (2)  in  (1) 
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watts 


current=  ^^^^  ^^^^^ ^^ (3) 

volts  power  factor  X  volts 

Example. — ^A  50  horse  power  440  volt  motor  has  a  full  load  efficiency 
of  .9  and  power  factor  of  .8    How  much  current  is  required? 

Since  the  brake  horse  power  of  the  motor  is  given,  it  is  necessary  to 
obtain  the  electrical  horse  power,  thus 

-,_,-.        brake  horse  power       60       --  - 

IS.  Jbl,  Jr.  ■« Vg  .  ■■  "t;  "  oo.O 

einaency  .  9 

which  in  watts  is 

65.5  X  746  =  41,403 

which  is  the  actual  load,  and  from  which 

^,     -        actual  load        41,403      ..^ --^ 
apparent  load  «  ^^^  ^^  .^^  =  — V~  "  51,764 

power  factor  .o 

The  current  therefore  at  440  volts  is 

apparmtload  _  5^  _  ^^^  ^  ^ 
volts  440  ^ 

Example* — ^A  60  horse  power  single  phase  440  volt  motor,  havings 
a  full  load  efficiency  of  .92  and  power  factor  of  .8,  is  to  be  operated  at 
a  distance  of  Jl,000  feet  from  the  alternator.  The  wires  are  to  be  spaced 
6  inches  apart  and  the  frequency  is  60,  and  %  of  loss  5.  Determine:  A^ 
electrical  horse  power;  B,  watts;  C,  apparent  load;  O,  current;  E,  size  of  wires ;^ 
F,  drop;  G,  voltage  at  the  alternator. 

A.  Electrical  horse  power 

—  --  -J        brake  horse  power  .^   60       -- ^ 

efficiency  .92 

'  64.3  X  746  =  40,508  watts 

B.  WaUs 

watts  =  E.  H.  P.  X  746  =  64.3  X  746  -  40,508 

C-  Apparent  load 

^,     -      ,  actual  load  or  watts      40,508      -^  iioc 

apparent  load  or  ieoa  — j — r =  — 5 —  =■  50,636 

*^*^  power  factor  .8 
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D.  Current 

apparent  load  or  kva      50,635      ... 

current  «  .rrzi «      *        =  115  amperes 

volts  440  '^ 

E«  StM  of  wires 

.,        watts  X  feet  X  M      40,508  X  1,000  X  3,380      ,  .,  ., 

or.  mils  =  -^r-j r; TT-T-  «  — g     '    .  .^« — ■ =  141,44d 

%  loss  X  volts*  5  X  440* 

From  table  page  1,907,  nearest  size  larger  wire  is  No.  00  B.  &  S.  gauge. 

F.  Drop 

.             %  loss  X  volts  ^^  ^       5  X  440  ^  -  --       or  »t^      14. 
^  ^      106 X  S  «  — jgg—  X  1.17  ■»  25.74  volts 

NOTE.— Values  of  S  are  given  on  page  1910. 

G.  Voltage  at  alternator 

alternator  pressure  «  volts  at  motor  -H  <irop  «  440  -H  25.74  ■■  465.7  vdti 
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CHAPTER  109 


Inside  Wiring 

The  different  methods  of  interior  wiring  may  be  conveniently 
grouped  into  the  following  general  classes: 

1.  Open  or  exposed  3.  Concealed  knob  and     5.  Flexible  conduit 

wiring;  tube  wiring;  wirii^; 

2.  Wires  run  in  mould-     4.  Armored  (B.X.  )  6.  Rigid  conduit   wiring, 

ings;  cable  wiring; 


Fic.  a, 933.— Correct  loiab  faateoiog.  Vriea  themeinber  to  which  knob  is  fB3t«ned  be 
enough  to  jKrmit  a  nail  penetratrng  to  a  depth  of  one  half  the  height  of  the  knob  aa 
abowA,  use  wood  icrcws  or  Quia-    Oa  stooe  or  tile  walla,  special  bolts  should  be  used. 


1.  Open  or  Exposed  Wiring 

is  method   of  wiring  possesses   the  advantages   of  being 
),  durable  and  accessible. 

It  13  used  a  gerat  deal  in  factories ,  mills  and  buildings  where  the  un^ghtly 
3pearance  of  the  wires  exposed  on  the  walls  or  ceilings  is  of  no  consequence. 


appearance 

1 
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The  kuids  of  nire  used  is  either  rubber  covered  or  slow  bunting  weatbcr 
proo£  wire. 

Rubber  insulation  should  always  be  used  where  the  wire  is  in  a  damp 
place,  such  as  a  cellar,  and  either  weather  proof  or  rubber  insulation  may 
be  used  to  protect  it  against  corrodve  vapors. 

For  wiring  in  bakeries,  mills,  heat  treating  rooms,  boiler  rooms  and  all 
other  warm  rooms,  slow  burning  asbestos  covered  wire  is  required. 

Hiere  are  two  methods  of  open  or  exposed  wiring;  known  as 
1.  Knob  wiring;        2.  Cleat  wiring. 


Pigs.  6,034  to  6,033.— Various  porcelain  knobs. 


Knob  Wiring. — This  is  the  simplest  and 
cheapest  method.    It  is  forbidden  in  some  cities, 

except  for  temporary  decorative  work. 
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The  knobs  shovdd  be  placed  tmxy  4J^  tt.  and  the  wires  not  less  than  5 
inches  apart. 

f&iobs  are  secured  by  means  of  wood  screws  or  nails,  when  nails  are 
nsed,  leather  washers  called  leather  heads  are  slipped  over  the  nail  so  that 
^e  head  of  the  knob  will  not  be  broken  when  the  head  of  the  nail  is  hit  hy 
a  hammer. 


6.942  to  6.944.— Crossina  of  nires.  Where  v 
ept  in  ease  oflarBB  sliH  wires  as  in  fig.  6.9*2;  1 
ler  tlie  Olhet:  fig.  6.943.  short  bushing  strung 
Lory,  eapeeiAlly  when  a  Urfie  number  of  wire 
h  other  through  tubes-    Flexible  tubing,  sue! 


i  touching  those  below. 


Pics.  6.MS  and  6,S46. — Right  and  wrong  methods  of  tying  wues  to  gtoovei 

^eTS  mm',  be  used  so  that  the  wires  will  be  firml^r  secured.  In  tying  m  the 
and  last  knob  should  be  tied  in  and  the  internwdiate  knobs  tied  in  last.  \ 
aiB  of  a  large  size  a  block  and  tackle  should  be  u»d.  care  being  Uken  not  i 


at  be  pfopeilv  secured 


In  crossing  over  pipes  or  wires,  porcelain  tubes  should  be  used.  When  it 
is  impossible  to  ttse  porcelain  tubes  flexible  loom  can  be  used.  Where  the 
wires  are  run  over,  sweating,  or  dripping  water,  pipes,  the  loom  or  tubes 
should  be  placed  on  top  of  the  pipe  to  prevent  the  water  eating  into  the 
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insulation.    The  ends  of  the  tubes  or  loom  should  be  taped  to  prevent  them 
working  loose  and  moving  away  from  their  original  positions. 

When  passing  through  walls  and  partitions,  the  wires  should  be  pro- 
tected by  tubes;  where  this  is  impossible  loom  can  be  used. 

Knobs  must  not  be  nm  down  side  walls  any  farther  than  7  ft.  from 
the  floor  at  this  point  they  ^ould  be  boxed  in,  or  run  in  loom  a  ccxntinuous 
piece  of  loom  into  a  conduit. 

Knob  wires  can  be  run  on  rafters  provided  they  are  in  blind  attics  or  in 
places  out  of  reach.  iCnob  wires  should  not  be  run  on  cellar  joists,  unless 
protected  from  each  side  by  guard  strips. 

In  buildings  of  mill  construction, where  the  wires  are  not  less  than  nttmber  8, 


r 


ull 


Fig.  6,947. — Common  two  wire  cleat  for  wire  sizes  No.  14  to  No.  10. 
FlG.  6,948. — ^B.  &  D.  one  wire  cleat  for  wires  No.  8  to  No.  0. 


-GUARD  STRIP  ___^ 

ilRCUlT 
Fig.  6,949. — ^Method  of  i>Totecting  exiMsed  wiring  on  low  ceilings  by  two  guard  strips. 

Figs.  6.950  and  6,951. — Cleat  wiring  methods.  Fig.  6,950,  cleat  work  across  beams,  the  de^ts 
are  earned  by  boards  attached  to  the  beams;  fig.  6,951,  method  of  carrying  wires  on  cleats 
around  beams. 


INSIDE  WIRING 


B.  &  S.  gauge,  the  wires  may  be  run  from  timber  to  timber  if  they  be 
spaced  six  inches  apart.  Where  wires  are  run  in  this  manner,  they  Ehould 
be  dead-ended  by  straininsiUatorsorby  usingdoubleknobs.  Heayywires 
such  as  used  in  mills  or  for  outside  work  can  be  supported  {"tied  in")  aa 
grooved  knobs. 

Cleat  Wiring. — This  method  of  wiring  cannot  be  used  in 
theatres,  public  buildings  or  garages  that  contain  more  than  two 


wiling  for  map  cwiUh  to  operate  nceptacle.    On  lonff 
._ea  should  bedeadenol  to  «  clest  located  nc  ' —  " 

Pig.  e.993. — Cleat  mrina  method  of  maldog  a  tap  tor  branch  i 
uKd,  the  tubs  bong  placed  over  the  win  » that  it  resti  up< 
then  be  installed  lo  uiat  the  tube  canoot  slip  away  leaving 


ft.  fn>m  tbe  Uit 
Tubes  alwayt  should  be 
9  unprotected. 


RIGHT  WAY     t~Y  -f 


LlwR 


WRONG  WAY 


Ics.  e.SM  and  6,955,— jtisht  and  wtong  methods  of  making  a  tuis  with  cleats.   In  &g,  fi.OSS, 

Before  making  a  cleat  installation,  the  local  inspection  bureau  should  be 
consulted,  as  cleats  are  fast  becoming  outlawed  in  many  states. 

Cteatt. — They  are  constructed  of  porcelain,  the  tops  and  bottoms  being 
alike  and  inter-changeable.  They  may  be  obtained  with  grooves  for  two 
or  three  wires.    Cleats  are  best  secured  to  wooden  surfaces  by  wood  screws. 
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but  for  quick  and  rough  work  nails  protected  by  leather  washers  called  nail 

heads  or  leather  h^ads  may  be  used. 
For  securii^  cleats  to  wood  2  inches  number  8  flat  or  round  head  screws 
_  should  be  used ,  where  nails  are  to  be  used  the  lea 

penny  lOD  size  should  be  used.  For  metal  ceiline 
work,  toggle  bolts  similar  to  those  used  for  metj 
moulding  should  be  used,  except  in  places  where  the 
metal  overlaps  each  other  wood  screws  may  be 
secured  to  the  wooden  furring  strips.  For  plastered 
ceilings  constructed  with  wooden  lath  2i4  m.  No.  8 
wood  screws  should  be  used.  Where  the  ceiling  is 
constructed  with  metal  lath,  the  only  means  ot 
securii^  the  cleats  are  with  commercial  tc^gle 
bolts.  On  concrete  ceilings,  holes  drilled 
and  filled  with  wooden  plugs  are  good  cleat 

1  teilinga,  OT 
.      A  hole  ii 


firat  punched  in  the  ceiliap  with  a.  20 
through  the  cleats  and  is  nnoved  up  in 


— Toggli!  bolt  for  securing  d 
3n  which  plaster  is  Uid  on 


redeiirable.aathel 


L 


^^^OEAD  ENDS-- 
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CLEAT^ 

.      1 

Fig.  fi,9e0. — Method  oF  cfniii  ending  wires  on  deata.    The  line  is  limply  aecund  by  tbs  doatla 


It  ends  Are  wound  around  the  wina  on  the  deati.    Four  or  fivs  turns  w 
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supports,  lead  shields  may  be  used  but  nood  plugs  are  quicker  and  more 

SpacinB  of  Cleats.—Tbey  should  be  spaced  not  over  04  ft.  apart, 
the  wire  at  all  times  being  taut  and  insulated  from  the  surface  wired  over. 
In  (vactice  it  will  be  found  that  it  is  impossible  to  maintain  the  standard 
spacing  of  4)4  ft.,  so  therefore  in  order  to  maJce  the  job  appear  neat  and 
norkmknlike  the  cleats  should  be  installed  so  that  their  spacing  is  sym- 
metrical. 

Running  the  Wirea. — The  kinks  should  lirst  be  removed  from  the 
i,  otherwise  they  will  appear  slack  and  poorly  installed.    This  is  best 


.uyj^^^Qy^-^^^^^ 


ipea.   The  wire*  should  preteiahlir  run  over  rsther  tlmn 

_...    _  ..assing  with  circiilir  loom,  and  6g.  6,962,  ona  in  which  a 

methods  are  Batiafactoty  in  the  case  o£  gan  pipes,  but  for  eteam 

lealtorsweatanddripmoisture,  thBCrossmB_ahould 


noisture  deflected  to  one  aii 


Figs.  S,9S1 

o  6,eee.^Wiiing  through  flam.     Tlu  b 

IS 

iBith  fleiibU  tubing.    Another  method  is  Co 

ini  must  bi  conl inuoiii.  Porcelain 
ly  be  atranged  on  iron  pipes  as  in 
e  of  offset  in  the  wall.  Sometimes 
bent,  put  in  place,  the  wires  being 

<SM  tue  OoDT  must  not  be  put  down  until  tlie  wirmg  baa  been  eiamJned  by  the  inspector. 

done  by  running  the  handle  of  a  hammer  over  the  wire .  The  wires  are  then 
secured  to  the  iirst  and  last  cleats  of  the  run.  and  drawn  up  as  tight  as 
possible.  This  ia  only  accomplished  by  pulling  the  wires  by  hand;  never 
use  pliers  as  this  method  causes  the  wire  to  kuik  and  break.  The  cleats 
Bhoidd  be  screwed  down  as  firm  as  possible  so  that  the  wire  will  not  slip 
through.  If  nails  be  used  on  long  runs  for  securing  the  cleats,  it  is  advis- 
able to  use  screws  on  1J>e  first  and  last  cleats,  as  nails  have  a  tendency  to 
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e  then  installed  so  that  the  spadng 


'vrark  loose.    The  intermediate  cleats  a: 
is  symmetrical. 

CroM  Oeeri.—When  crossing  over  wires,  metal  beams,  protruding 
pipes,  the  wires  should  be  protected  by  porcelain  tubes.  Where  it  is  impos- 
sible to  install  tubes,  loom  can  be  used.  Always  place  tubes  or  loom  over 
instead  of  under  dripping  pipes  so  that  the  moisture  will  not  ground  the 

Side  Wall  Protection. — On  side  walla  the  cleats  should  not  be  run  down 
any  further  than  7  ft.  from  the  floor  line.  At  this  point  they  must  be  pro- 
tected from  mechanical  injury  by  installing  them  in  wood  moulding  or  id 
coiuluit,  or  by  boxing  in. 


^. — OpeD  and  concealed  ct 


le  piece  but  the  covered  or  toncealed 


PoMing  Through  Floora. — The  same  methods  are  employed  as  in 
knob  wiring,  as  shown  in  figs.  6,964  to  6,966.  The  same  land  of  protection 
applies  to  passing  through  partitions  and  large  beams.  Loom  must  never 
be  used  unless  it  be  actually  impossible  to  use  tubes. 

Cleata  in  CcHom.— Cleats  must  never  be  attached  to  cellar  joist  unless 
protected  by  a  guard  strip  2  ins.  high  on  each  side,  or  they  may  be 
mounted  on  a  running  board  of  pine  not  less  than  4  in.  X  J^  in.  Before 
using  running  board  or  guard  stnp  it  should  first  be  ascertained  whether 
itispossible  to  run  the  wires  on  cdlar  beams. '  These  generally  run  through 
the  center  of  the  cellar 
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Fig.  6,971.  —  Receptacle 
suitable  for  use  with  open 
wiring,  the  requirement 
being  that  the  contact 
ears  should  not  be  ex- 
posed. 


Practical  Points  Relating  to  Exposed  Wiring 

1.  In  interior  wiring  no  wires  smaller  than 
No.  14  B.  &  S.  gauge  should  be  used,  except  as 
allowed  by  the  underwriters,  and  no  more  than 
660  watts  should  be  allowed  to  a  circuit. 

2.  Tie  wires  should  have  an  insulation  equal  to 
that  of  the  conductors  which  they  secure. 

3.  In  all  cases,  whether  *  the  wires  be  run  on 
knobs,  split  insulators,  or  deats,  the  wires  should 
be  supported  at  intervals  of  at  least  4)^  feet,  and 
if  exposed  to  mechanical  injury,  the  supporters 
should  be  placed  at  closer  intervals. 


4.  Wires  run  on  bare  ceilings  of  low  basements, 
especially  where  they  are  liable  to  injury,  should  be 
protected  by  two  wooden  guard  strips  as  shown  in 
fig.  6,951.  The  protective  strips  should  be  at  least  "^  inch  in  thickness 
and  slightly  higher  than  the  knobs,  insulators,  or  cleats.  Wires  should 
not  be  run  closer  than  6  inches  apart  and  2  inches  from  the  sturface  wired 
over.  Wires  nm  near  water  tanks  must  be  rubber  covered  so  as  to  render 
them  moisture  proof. 

5.  Cleats  should  be  used  for  the  wiring  of  stores,  offices,  or  buildings 
having  flat  ceilings,  provided  the  wiring  is  installed  in  dry  locations. 

6.  When  the  installation  is  exposed  to  dampness  or  acid  fumes  such  as 
those  developed  in  stables,  bakeries,  etc.,  the  wires  should  nm  on  knobs 
or  split  insulators,  and  should  be  rubber  covered. 

7.  When  wires  are  run  at  right  angles  to  beams  which  are  more  than 
4J^  feet  apart,  a  running  board  should  be  used  and  the  wires  cleated  to 
it  as  shown  in  fig.  6,949.  It  is  desirable,  however,  to  avoid  the  use  of  running 
boards,  whenever  possible  by  running  the  wires  parallel  with  the  beams, 
thus  reducing  the  cost  of  insulation. 

8.  In  factories  or  other  buildings  of  open  mill  construction,  mains  of 
No.  8  B.  &  S.  gauge  or  larger  wire,  where  they  are  not  exposed  to  injury, 
may  be  placed  about  6  inches  apart  and  nm  from  timber  to  timber,  not 
breaking  arotmd,  and  may  be  supported  at  each  timber  only 

9.  The  best  location  for  feeders  is  on  the  walls.  In  dry  buildines  the 
fire  and  weather  proof  wire  can  be  used  with  safety;  but  covered  wire 
must  be  used  on  buildings  subject  to  any  form  of  dampness.  In  all  cases 
where  feeders  are  run  on  the  waUs,  they  should  be  protected  from  mechanical 
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A  .  ^  injury  by  boxings  at   least 

6  feet  higb  on  each  Soor. 
If  floor  switches  be  used, 
they  may  be  mounted  aa 
the  front  of  the  boxing. 
In  such  cases,  the  holes  ui 
the  boxing  through  which 
the  wires  pass  to  the  switches 
should  be  provided  with  por- 
celain bushings. 

110.  The  rosettes,  recepta- 
cles, sockets,  soap  switdies, 
etc.,  used  in  connection  with 
exposed  wiring  should  con- 

FlG.  6,972.-Standardw«.d«im™ldiiiK(oren«3iDg  ^?™\ '",  *"   ^^P^J**  !^ 

wins.    Only  rubber  covered  wins   ore  peimitt^  stanoaras   Specined    by    the 

ia  woodea  molding.  underwriters. 


2.    Wiring  Run  In  Mouldings 

There  are  two  general  classes  of  moulding:  1,  wooden,  and,  2, 
metal.  Wiring  in  wooden  mouldings  is  one  of  the  cheapest 
forms  of  finished  inside  work. 


LL|>,-^ 

Pigs.  0,973  and  S,S71.— Cutting  mitered  comen  of  wooden  mmilding.  All  aUndud  raouldiu 
is  IH  ins.  wide.  Hence,  measure  IH  ins.  from  end  obtaining  point  L.  >nd  cut  on  line  dnwa 
from  L  to  P.    Simitirly  cut  other  pieces  and  they  will  go  together  u  in  fig.  e.974.    A  miter 

Wooden  Moulding. — Although  it  is  fastly  becoming  out- 
lawed in  many  states,  wooden  moulding  is  still  largely  used  in 
small  towns  for  store  and  office  wiring. 

Before  installing  wooden  mouldine,  the  Code  should  be  consulted  to  see 

if  it  be  permissible  for  the  proposed  installation. 


INSIDE  WIRING 


The  moulding  consists  of  a  capping  and  backing. 
The  wires  are  laid  in  the  bacWng  and  are  then  co^ 


Only  rubber  covered  wire  must  be  used  in  wooden  moulding. 
Wooden  ceiling  moulding  is  secured  by  finishing  nails  about  2  inches  long, 
the  capping  being  secured  oy  small  brads  1  inch  long. 

To  save  time,  moulding  having  wire  holding  grooves,  or  dips  should  be  . 
used,  as  much  time  will  be  saved.  Moulding  Tiaving  plain  grooves  require 
nails  to  hold  the  wire  in  place  until  the  capping  is  nailed  on.  Sometimes  it 
is  forgotten  to  remove  these  nails  and  they  are  the  caus<  ' 
grounds  and  short  circuits. 


mr 
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Fig.  S,e7G.— Slits  sawed  in  wooden  molding  befon  bending. 


d  block  for  concealed  »otl(;  figs.  0, 
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InstalUng  Wooden  MouUUna- — The  backiit^  is  cut  to  length  and  se- 
cured to  the  ceiling  by  nails  or  screws  all  depending  upon  coniUtioas.    All 


grooved  uid  1^  grooved  bkida. 


letricalBtoTBlayoatforwoodsniDcnildiiig  wiring,  ■hoirinKhtlf 
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CE1IH6^ 
LOOM 


Pig.  a. 983 .—Wooden  moulding  w 


g  through  floon.  I*t  mtthod.    Tlw  win 
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turns  or  comers  should  be  made  square  by  cutting  a  miter.  A  chalk  line 
should  be  enBpj^ed  on  the  ceiling  so  that  the  moulding  should  be  run  in  a 
siraightlitiearif  the  ceding  be  wooden,  sheathed,  the  seams  may  be  used  as  a 
guide.  After  the  backing  has  been  secured,  the  wires  should  be  laid  in  by 
band  or  forced  in  with  a  rubber  mallet.  After  the  wires  have  been  installed 
and  run  to  the  various  outlets,  the  capping  should  be  put  on.  Always, 
cover  moulding  joints  (where  two  pieces  of  moulding  come  together)  with 
the  capping. 

Fixture  outlets  are  made  on  specially  preparea  fixture  blocks  with  grooves 
for  the  moulding  so  that  the  block  fits  over  the  moulding. 


Pigs.  6.BS5  to  8,088. — Moulding  fixtures.  Fig.  8,885,  pendant  cup;  fig.  8,988,  bracket  c«p, 
feniale  outlet;  fig.  6, 987,  bracket  cap,  male  outlet;  fig.  8.988,  two  wire  base;  fig.  8,889,  thrae 


Approved  Lap  blocks  must  be  used  as  the  Code  does  not  allow  the  making 
of  taps  inside  of  wooden  moulding.  With  this  type  of  fitting  it  is  possible 
to  make  taps  from  existing  circuits. 

No  spUces  are  permitted  in  wooden  moulding  installations  unless  the 
splices  are  accessible  at  all  times,  which  means  that  no  joints  can  be  covered 
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up  beneath  the  capping 
rosettes,  receptacles,  w 
circuit,  an  approved  spli< 


permitted  at  fixture  outlets,  under  i 
gced  to  extend  a  wooden  moulding  | 


here  iTi 
:e  block 

la  passing  through  floors,  the  wires  should  be  run  throi^h  porcelain 
tubes.    The  moulding  must  then  be  protected  by  a  metal  kick  bidet. 

Wooden  mouldiii^  must  never  be  run  on  brick  walls  unless  they  are 
secured  to  an  additional  backing  which  must  first  be  secured  to  the  wall. 
This  is  to  exclude  dampness. 

When  securing  the  moulding  to  brick  wall ,  use  short  nails  for  the  backing 
Eo  that  the  nails  will  not  double  up  and  b^id  back  and  ptmcture  the  insula- 
tion of  the  wires.    This  ' 


OUTLET  BOX~.. 


CONDUIT 


-ONE-SPUCE  BOX 
COVER.--' 

Fic.  6,09i.^Method  of  tappiaa  outlets  farfeedadicuitinheii  wiring  with  woodsmaoulding. 


FIC.S.99S.— Treatment  of  mouldinewoikanceilinKi.  Att  irataUatlonm  ahoa 

of  the  liebU.  etc.,  and  all  runs  finistied  off,  fghenever  neceuary,  by 
continued  to  the  walls  to  improve  the  appeanuice. 


Fia.  S.90e. — Ciicular  fixtore  block  fc 


m  mouldins  work  on  d 
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In  runiiii^  wooden  moulding  through  a  wall,  porcelain  tubes  or  loom 
should  be  used.  Wooden,  moulding  should  not  be  run  in  damp  cellars  or 
other  places  which  are  subject  to  much  dampness,  or  on  the  outside  of  a 
building.    Use  conduit. 

Metal  Moulding. — ^This  kind  of  casing  for  wires,  also  known 
as  raceways,  consists  of  a  base  and  capping  or  cover  made  of 
steel.  It  is  ^{i'  wide  and  Jfg"  high,  shipped  in  lengths  of 
8'  4" ,  with  twelve  lengths  per  unit  package. 

BASE -I 


iilfig.9,W9.  Th. 

Yhen  the  b»M  b  imu  ■ 

must  be  provided  ao  that  the  heads  I 


aptQ| 

D^j^iv4  u.  bolts  from  the  inside,  depreesions 
.  will  be  flush  with  tbe  luiface  of  the  mouldios. 


Pics.  7.000  ta  7, OOe.— National  meUl  moulding  ftttinEe.  Pig.  A,  crossi  fie.  B,  tee-,  fig.  C, 
ftO"  flat  elbow;  fig.  D,  45°  flat  elbow;  fig.  E,  eitetnal  elbow;  fig.  F,  internal  elbow;  Sa.  G, 
fitting  coupling. 


Pio.  7,007  to  T.OlO.^Vaiioui  outlet  conneetora  tot  attaching  molding 
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Code  Requirements.  —  Metal  moulding  is  pennitted  in  circuits  re- 
quiring not  more  than  1,320  watts  withnot  over  300  volts,  Spliceaarenot 
allowed;  useapprovedjunctionboxesoroutletplates.  Four  No.  14  vires  trith 
approved  rubber  instjating  covering  may  be  iastalled  in  the  moulding. 


secured  together  bpth 
mechanically  and  elec- 
trically, and  must  be 
grounded.    Mould- 


ing c 


I  be  I 


plastered  walls,  side 
walls  with  proper  pro- 
tection; must  not  be 
used  in  cellars,  damp 
places,  hot  rooms,  or 
ior  outside  work. 
Fics.  7.011  Bnd  7,012,— RiBhl  and  BTonaldnd  of  hHCli  saw  blade  for  catling  metal  molding 

chawinH  edect  of  using  sCQsrselDoth  blade.   Abl&de  with  fine  Uetbasin  fig.  7.011  wiUriilf 

the  moldiiig  and  prevent  stallmfl  or  catching. 


Pigs.  7014  to  7,019.— Method  of  bonding  and  grounding  m 
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in  Bl  pipe  to  pre- 
vent Bcrub  water  entering  and  to  aitOTd 
additional  mechanical  protection.  On  side 
walls,  the  continuous  length  of  iron  pipe 
should,  where  the  moulding  might  be 
exposed  to  mechanical  injury,  extend  a 
distance  of  at  least  6  feet  above  the  floor 
and  downward  from  floor  to  a  few  inches 
below  ceiling. 

Installation    of   Metal    Mould- 
ing.— There    are    two    methods    of 

Fig.  7,023. — Method  of  cuttinc  meUI  minildiiis  with  thitc  coRund  file.  In  cultlitf,  uae  > 
■mall  piece  of  capping  for  a  straight  edge,  ■■  ihown;  mark  the  base  or  capping  deqily  and 
bieatEit  off,  being  vary  oinfiil  to  mark  tbe  mcpulding  deeply  od  both  ndei. 
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tins  Natic 


r^, _ molding.     Fig.  A,  on  wood 

&  No.  H  flat  head  wood  sCTev;£E-B.  on  laUi  and  plaster  use  a  IKin-No.  S 

od  screw;  fig.  C.  on  metal  ceilings  use  oono  toggle  boHj  2  ins.   long;  fig.  D, 

in  plasUred  ceilings  of  meta,l  lath,  uia  flat  toggle  belt;  fig.  E,  on  tile  use  fiat  tofl^  or 


cons  toggle  bolt;  ^.  F.o 


vnUi  use  lead  sluelds. 
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cuttii^  the  moulding — by  hack  ! 


or   by  a   special  shear. 


When  cutting  moulding  with  a  hack  saw  it  is  not  necessaiy  to  cut  all  the 
way  into  moulding,  but  only  just  nick  the  moulding  so,  if  it  be  given  a. 
slight  up  and  down  motion  it  will  break  apart.  Files  also  may  be  used,  the 
three  cornered  being  the  best.    Holes  must  be  punched  in  tlw  base  for 


^^^.- 


FlOS.  7,040  to  7,043.<— Ucthod  of  wiring  rccepUcleg 


Pics.  7.044  and  7,04E. — Metal  mouldine  bnmcbing  fitting).  Pig.  7.044  shovi  the  mo 
runningup  the  sidewaUibrsnctuDgbotn  ways  clou  up  in  the  comer  on  the  fiidewaU,  n 
out  onto  the  ceiliiig  And  a  tap  passing  up  through  to  the  Jloor  above  in  H  incli  cc 
Fig.7H045  ihowa  the  moulding  runningupthesidewatl.  branching  both  wayi  close  up 
comOT  on  the  ceiling  t-ai  running  out  onto  the  ceiling. 


COVER  RlNS   ~"     ^~P^  CANOPY 

—Bate,  cover,  and  canopy  tot  fixtoie  outlet*:  note  kao«k  out  hdet  in 
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Bending^ — The  base  and  capping  must  be  assembled  and  bent  as  one 
liece  of  moulding.  The  mouldmg  is  quite  soft  and  is  easily  bent  over  the 
mee  or  the  e^e  of  a  table;  Hickeya  may  be  obtained  for  this  purpose. 


After  moulding  is  saapi>ed  together  and  bent,  it  should  be  separated  by 
means  of  a  screw  driver  pried  under  the  end  and  pull  down ,  do  not  separate 
by  pulling  apart  by  band  as  this  bends  capping  and  base  out  of  shape. 

/nafalUitfl.— The  base  is  first  put  in  place  after  which  the  wires  are 
laid  in  the  capping  and  snapped  in  place  by  slightly  rapping  capping  with 
a  light  hammer.  If  capping  persist  in  sprmging  away  on  the  ends,  bend 
over  edges  with  hammer  eo  that  they  will  fit  base  snugly. 
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Avoid  c  .  ..  „ 
and  short  circuit.    The  c 
couplings. 

In  running  around  beams  the  base  only  is  bent  by  cutting  a  90*  V  with 
&  hack  saw  at  the  bend.    Both  intemaJ  and  eictemai  bends  may  be  made 


ssoin  \}y  tappia^  with  the  handle  qF  a  hammer  or  A  beavy  screw 
b«  CAaily  offset  to  pan  from  Eide  wall  to  the  baseboard  or  to  bi 
obstructions,  and  through  the  exercise  of  a  little  care  and  the  use 


■er.  Wiremold  can  b1«i 
IK  around  similar  shallow 
a  bench  vise  can  be  offset 
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by  means  of  these  notches.    The  capping  is  then  laid  in  place  after  whi^ 


tbeo 


hese  notches.    The  capping  is  then 
e  covered  over  with  specif  elbow 


Pics.  7ffH  to  7,077, — Method  of  pa«inB  Broumi  beai 
deptQ  ot  beams  on  a  length  and  slot  the  canpme  on 
•ectioiu  of  capping  vhere  vrireinold  13  to  break  ai 


nswithwiremald.  Murk  off  the  fact  and 
1y  on Iheso centers.  TakoouttwolMin. 
ound  the  bottom  of  the  beam,  and  twf> 
in  &[■  7,079.  Bend  base  to  form  around 
'mafand  iBtematslbowiaiinBc.  T.OTT. 
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335  -  3,695 


All  fittings  are  connected  to  the  moulding  by  means  of  a  set  screw  which 
clamps  down  the  moulding. 

"Wiremold"  Metal  Moulding. — ^This  is  a  form  of  metal 
moulding  raceway  that  is  quickly  installed. 

It  is  smaller  than  the  usual  type  of  metal  moulding  and  only  two  No.  14 
wires  can  be  inserted  in  it.  It  is  in  reality  a  form  of  conduit,  only  it  is 
not  air  or  water  proof. 


iiSw. 


ag^^£^ii2y^ 


Pigs.  7,078  to  7.087  .^Methods  of  tapping  various  wirinff  systems  with  wiremold .  A,  deatworlb; 
Bi  wooden  molding;  C,  concealed  knob  and  tube;  D,  armored  cable;  E,  metallic  flexible 
conduit. 

The  wires  are  fished  or  pushed  through  the  raceway.  There  is  no  base 
or  capping,  they  being  permanently  assembled  at  the  factory. 

Code  Requirements, — ^Wiremold  is  permitted  on  circuits  of  not  over 
300  volts  or  1,320  watts.  It  must  be  grounded  to  a  water  pipe.  No  splices 
are  allowed  inside  of  wiremold,  use  junction  boxes.  It  must  not  be  con- 
cealed or  installed  in  damp  or  very  not  places,  such  as  bakeries. 


Installation  of  Wiremold. — ^Use  a  fine  tooth  hacksaw  for 
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I  ill  %imn 
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■  etc.,  and  as  the  wires  are  liab 
to  be  covered  with  shavings,  i 
heated  wire  or  short  circuit. 

The  advantages  are  cheapness,  especially  in  wiring  completed  buildings 
and  the  absence  of  any  wires  or  mouldings  on  the  walls.  Knob  and  tube 
wiring  consists  in  running  the  wires  concealed  between  the  floor  beams 
and  studs  of  a  building,  knobs  being  used  to  support  the  wires  when  run 
parallel  to  the  beams  or  studs,  and  porcelain  tubes,  when  run  at  right 
angles  through  the  beams  or  studs  as  shown  in  fig.  7,098. 

Code  JteQui'remenfa.— Wires  with  rubber  covered  insulation  must  be 
used,  and  rigidly  supported  on  non-combustible,  non-absorptive  insula- 


Fic.  7.098. — Concealed  koobBnd  tube  wiling.  The  wires  are  carried  onporedftin  knobs  •tiarhed 
to  tii«  beams.    If  run  perpendicular  tatha  beams,  holes  are  bored  in  the  latter  and  porcelani 

knobs  ihoDld  support  the  wires  at  least  one  inch  from  the  eh^mx  over  which  they  run,  and 


flexible  tube  at  all  twitches,  outlets,  etc.,  and  this  piece  of  tubing  should  be  sutHciently  loi^ 
to  extend  from  the  last  insulator  sod  project  at  least  one  inch  beyond  the  outlet. 

tors  which  separate  the  wire  at  least  one  inch  from  the  surface  wired  over. 
Wires  must  be  5  ins.  apart,  taut,  and  separated  from  contact  with  the 
walls  of  floor  timber  and  partitions  through  which  they  pass  by  insulating 
tubes  of  glass  or  porcelain.  Maximum  spacing  for  rigid  supports  of  hori- 
zontal wires  4J^  ft. 

Installation  of  Knob  and  Tube  Wiring. — Usually  nothing 
need  be  disttu-bed  on  the  first  floor  as  the  various  outlets  can  be 
reached  from  the  basement  and  from  the  second  floor. 
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Id  borme  holes  in  floor  beams  for  the  porcelain  tubes  they  should  be 
bored  at  the  center  of  the  beam  to  prevent  nails  bein^  driven  into  the 
tubes  and  cutting  the  wires.  A  competent  workman  mil  have  a  special 
boring  machine  so  that  the  holes  can  be  bored  parallel  to  the  floor  instead 
of  at  an  angle  as  is  done  with  the  ordinary  brace  and  bit.  Iliis  latter 
method  is  very  objectionable  and  should  not  be  tolerated  on  first  class 


Pig.  7.00&. — -Porcelain  tubfl  u  iia«d  jn  knob  and  tub«  wiriiig.    The  atandflrd  tube  u  utcd  id 


work.  In  wiring,  say  the  first  floor,  a  strip  of  flooring  is  removed  from 
the  floor  above  so  as  to  expose  the  beams.  Then  two  holes  are  bored 
through  each  of  the  beams  spaced  5  ins.  apuirt,  the  porcelain  tubes  in- 
serted in  the  holes  and  the  wires  threaded  through  these  tubes,  the  outlets 


When  passing  through  floors  with  wires,  an  additional  tube  must  be 
placed  over  the  wire  so  that  the  wire  will  be  encased  and  protected  at  least 
4  ins.  from  above 
the  floor  so  that 
the  wires  will  be 
pitetected  from 
falling  plaster  and 
other  objects. 
When  passing 
through  portions 
that  contain 
brick,  tile  or  con- 
.  Crete  fire  stops, 
A  the  wires  should 
be  encased  in 
loom  and  should 
then  be  encased  in 
a  metal  pi[>e,  the 
loom  being  in  one 
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o».  7,100  and  7.101.— El«v«l 
in  concMlad  laiob  and  tube  v 


and   extending 
from   knob    to 
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SWITCH  IN  PLACE 

Pirai.  7,102  and  7,103.— AmmBBment  of  surfaiw  swiwh  in  eonee»lcd  Itoob  and  tube  wirina. 

jn^mitmA  -(o  h^id  th«  tubiiig  Iq  pl&Gfl  fljid  to  provido  a  proper  aupport  for  the  acrews  that 
hold  the  switch.  In  wiring  old  building!  where  lupporting  clcati  were  not  provided  back. 
of  the  plaster,  a  Min.  woodsn  block  or  p!at«  aliaiilil  be  installed  on  thesiulace,  to  whicb 
the  switch  can  beMtached.;      . 


,104. — Method  of  ioitallins  wirea  when  ■padna  o{ 
It  St  tncattd  in  loam.    The  1 


3pacid  lm»»  lluut .  - 

piece  from  the  tube  vj  tim  wmu  case  wd 

the  box.    Ai  (bown,  there  is  room  for 


IS  ititd  hf  locating  vi 
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Never  attempt  to  pull  wires  taut  with  the  claw  o£  a.  hammer  or  with  a 
pair  of  pliers  as  these  methods  cause  the  wire  to  become  kinked  which  in 
turn  break  the  wires  causing  open  circuits  and  endless  trouble.  Wires 
should  be  pulled  taut  by  hand  and  the  knobs  should  be  nailed  down  se- 
surely.  Sagging  wires  are  considered  violations  and  are  not  allowed  by 
inspectors.  ICnobs  with  two  grooves  shotild  be  used  as  they  save  time 
and  money  when  making  taps  for  side  lights  or  base  plugs. 


.5  it  will  be  found  that  solder  will  not  stick  to  joints  unless  protected  ii_ 
this  manner.  A  gasoline  torch  of  one  pint  capacity  should  be  used  for 
soldering  joints  as  in  this  mode  of  wiring  there  are  numerous  joints  and 
much  time  will  be  saved  if  all  the  joints  are  soldered  and  then  taped,  as 
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Figs.  7.106  and  7,107.— Arrsnennent  of  switch  and  receptsde  outleta  inknabsild  tube  wiring. 
In  airina  tor  tmllchet,  flexible  tubing  must  he  used  on  the  conductor  ends  (rom  the  last 

Ateelswitch  box  should  be  used  to  encase  each  flusksoitch  n^echaniam,  even  though  it  already 

be  enoasedin  porcelain.      A  K  in.  wood  cleat  or  cleats  ere  arraneed  to  support  the  ewitch 

.    box.  These  wooden  cleats  should  not  be  set  out  flush  with  the  ouCei  edges  ol  the  sheets,  but 

should  be  set  about  %  in.  back  as  shown  to  allow  a  space  in  which  the  plaster  c»n  "grip." 
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if  the  wiremen  go  to  a  joint  and  solder  it  and  then  tape  it.  he  will  lose  much 
time  aad  will  waste  gasoline. 

Wall  Caaea. — These  are  metal  boxes  for  supporting  and  encasing  flush 
switches  and  receptacles,  switches  and  receptacles  should  not  be  inst^ed 
without  these  as  they  are  a  great  protection  against  starting  fires  from  spark- 
ing switches. 

Wall  cases  in  sections  are  called  gangs,  thus  a  wall  case  for  two  switches 
would  be  called  a  two  gang  box. 

When  installing  bare  receptacles,  a  board  %  in.  thick  should  be  cut 
out  the  same  size  as  the  wall  case — the  ears  of  the  wall  case  should  be 
adjusted  so  that  the  front  edge  of  the  wall  case  will  ejttend  out  J^  in.,  the 
wall  case  should  then  be  screwed  to  the  board  (not  nailed)  and  the  board 
is  then  nailed  against  the  upright  studs,  so  that  the  front  surface  of  the 
bos  will  be  l?i  ins.  from  the  edge  of  the  studs.    This  will  bring  the  wall  case 


nd  tube  wiring.    Theic  are  ti 

e  proper  number  Dfapaccis .    Single  and  double  Bwitcl 

.  led  snd  are  used  where  feasible,  because  it  is  cheaper 

ible  them.    Holes  partially  punched,  which  can  be  k 

■  ■    ■  ■     -     Bides  »nd  bsclt  through  which  the  ! 


or  box  just  flush  with  the  finished  base  or  mop  board.  Thicknesses  of  base 
boards  are  about  ^  in.,  but  this  should  be  ascertained  before  installing  Uie 
wall  case.  The  above  directions  are  based  on  base  boards  having  a  thick- 
ness of  J^  in .  A  good  rule  to  remember  is  that  lath  and  piaster  take  up 
J4  in.  Wires  entering  wall  case  should  be  encased  in  loom,  which  should 
in  turn  be  secured  to  the  bos  by  clamps. 

After  wires  are  brought  into  a  wall  case  they  diould  be  twisted  and 
marked  so  that  they  will  easily  be  identified  when  the  switches  are  to  be 
installed.  Switches  and  rec«jtacles  are  never  installed  in  wall  cases  until 
after  all  the  plastering  has  been  done.  All  wall  cases  should  be  stuffed 
with  newspaper  or  rags  so  that  they  will  not  be  filled  with  piaster  and 
should  have  a  stick  extend  at  least  4ms.  out  of  them  so  that  they  will  not 
be  plastered  over,  the  stick  serving  as  a  mob  mark. 
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Wall  cases  should  be  installed  so  that  the  front  edge  of  the  box  extends 
f^  in .  from  the  edge  of  the  studs.  Wall  cases  should  be  supported  on  strips 
of  wood  which  are  not  less  than  %  in.  thick.  Laths  will  not  do.  The 
strips  should  be  placed  so  that  they  are  fltash  with  the  front  edge  of  the  studs. 

Fixture  Supports. — A  good  method  of  installing  a  fixture  support  is 
to  take  a  pece  of  wood  J4  m.  thick  by  6  ins.  wide  and  nail  flush  with  the 
lower  edge  of  the  beams;  this  is  for  straight  electric  fixtures. 

In  case  of  a  combination  gas  and  electric  fixture  no  board  is  required. 
The  looms  should  be  secured  to  the  gas  pipe  so  that  they  will  not  slip  down , 
the  wires  at  all  outlets  should  be  twisted  together  so  that  they  wm  not  be 
lost  singly. 


PtOCR 


fLOOR 


8JNOIN0 


BCnOM  VIEW  OF  CLEAT 


Figs.  7,111  to  7.113. — Methods  of  making  fixture  outlets  in  concealed  knob  and  tube  wiring. 
A  cleat  consisting  of  a  piece  of  board  at  least  J^  in.  thick,  should  be  nailed  between  the  joists 
or  studs  into  which  the  wood  screws  supporting  the  electrolier  can  be  secured.  Holes  are 
then  bored  through  the  cleat,  throtigh  which  the  flexible  tubing  can  pass.  With  a  combina" 
tion  gas  and  electric  fixture  as  shown  in  fig.  7,112,  no  cleat  is  necessary,  because  the  gas  pip« 
supports  the  fixture.  The  flexible  tubing  should  be  wired  to  the  gas  pipe,  to  prevent  dis- 
placement by  artisans  who  have  occasion  to  work  around  the  outlet. 


In  some  cities  municipal  laws  require  the  use  of  outlet  boxes  for  loom 
at  all  outlets  in  knob  and  tube  work,  although  not  shown  in  the  drawings, 
they  are  not  required  by  the  Code  but  they  only  recommend  their  use. 

Location  of  Outlets. — ^The  standard  height  for  side  wall  outlets  are 
66  ins .  from  the  floor .  Flush  switch  outlets  should  be  installed  at  a  standard 
height  of  54  ins.  from  the  floor  to  the  center  of  Uie  switch  box. 

Wall  receptacles,  such  as  used  for  electric  irons,  etc.,  should  be  in- 
stalled at  the  same  height  as  switch  outlets. 
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Points  on  Wiring  Houses  Under  Construction. — The 

plans  and  specifications  of  the  house  should  first  be  gone  over 
very  carefully. 


Poi"  one  family  houses 
it  is  suggested  that  a 
separate  circuit  he  made 
for  each  floor,  the  cellar 
light  being  taken  off  at  the 
first  floor  circuit,  attic 
light  being  taken  from 
second  floor  circuit. 

Cellar  light  sometimes 
can  be  tapped  off  of  base 
receptacles  or  vice  versa. 

Always  arrange  the  cir- 
cuits so  that  they  will  drop 
down  over  the  meter  or 
distribution  panel. 


Pic.  T.IU. — Baring  machins  for  txirin^  porcelain  tuba  holes  in  Imob  ind  tube  vork.    It  nill 
bor«  A  bole  p»nllel  with  the  flww  (ftvotoing  Alviting  tubes)  and  in  leu  time  than  with  a  brace. 

Fio.  7,115. — Electrician's  bit  designed  tor  rough  usai 
cutter  ao  that  it  will  puU  itielf  into  the  wood  with 
CATpentet'l  bita  are  not  iuitable  aa  they  eaaily  clog  in 

Always  try  to  jdoce  base  plugs  under  switUies  as  this  saves  wire  and 
labor.  Group  as  many  switches  as  possible  at  one  pcont,  this  also  saves 
labor  and  material. 

The  holes  should  be  bored  with  a  boring  machlru.  If  this  be  not  pos- 
^ble  it  is  suggested  that  the  wireman  have  the  apprentice  bore  the  holes. 
All  holes  should  be  bored  before  wiring  is  begun. 

For  2  in.  joists,  3  in.  tubes  should  be  used;  for  3  in.  joists  4  in.  tubes 
should  be  used. 

Tubes  should  be  inserted  as  the  holes  are  bored;  this  saves  time  in  going 
back  to  the  same  place  to  insert  tubes. 

A  time  saver  is  to  have  the  wireman  wear  an  apron  that  is  similar  to 
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those  worn  by  carpenters  with  two  compartments,  one  for  tabes,  the  other 
for  knobs. 

Always  make  joints  as  branch  circuits  or  taps  are  made;  this  saves  time. 
Also  cover  joint  with  soldering  paste  as  soon  as  made. 

In  general  on  knob  and  tube  work  there  are  many  details  that  should 
be  borne  in  mind  mainly  that  time  must  be  saved;  this  is  only  acc6mplished 
by  having  a  system  about  your  work  such  as  t>utlined  above.  Never  go 
back  to  an  outlet;  always  finish  the  work  at  one  particular  spot,  going  back 
and  forth  is  costly. 

Always  locate  centers  of  rooms  for  outlets  and  install  outlet  boards  for 
fixtures  supports  before  wiring,  install  wall  cases,  receptades,  etc.  Sol- 
dering should  not  be  attempted  until  all  the  joints  and  aXL  wires  have  been 
run. 


FLOOf 


WIRE' 


hole;s  bored  by 

BRACE  AND  BIT  ON 
SLANT.  MAKING 


.  .-LE5  BOREO  BY      H  DIFFICULT  INSERTION 
BORING  MACHINE  ALLH  AND  USING  MORE 
HOLES  HORIZONTAL^  WIRE  AMD  LABOR 

Fig.  7,116.-'Comi>arison  of  porcelain  tube  holes  as  bored  with  brace  and  bit  and  with  boring 
machine.  The  use  of  a  brace  and  bit  is  not  only  a  waste  of  time  but  makes  an  objection- 
able job. 

As  a  final  reminder  neatness  counts,  tight  wires  and  neat  joints  insure 
a  good  installation.  Always  trace  out  all  circuits  before  house  is  consid- 
ered as  finished. 

5.  Armored  (B.X.)  Cable  Wiring 


Armored  cable,  hereafter  called  by  its  trade  name,  B.X. 
Cable,  consists  of  a  duplex  or  two  wire  cable  covered  by  a  specially 
wound  steel  casing.  B.X.  cable  is  manufactured  in  long  lengths 
(coils  of  250  ft.  and  less)  and  may  be  obtained  with  either  2  or  3 
conductors,  also  with  a  lead  covering  for  outside  and  tmderground 
wiring. 
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B.X.  cable  is  flexible  and  the  conductors  are  vkW  protected  from  me- 
chanical injury.  While  this  form  of  wiring  has  not  tfie  advantage  of  the 
conduit  system — namely,  that  the  wires  can  be  withdrawn  and  new  wires 
inserted  without  disturbing  the  building  in  any  waj"  whatever — yet  it  has 
many  of  the  advantages  of  the  flexible  steel  conduit,  and  it  has  some  ad- 
ditiinial  advantages  of  its  own.  For  example,  in  a  builidng  already  erected, 
this  cable  can  be  fished  between  the  floors  and  in  the  partition  walls, 
where  it  would  be  impossible  to  install  either  rigid  conduit  or  flesible  steel 
conduit  without  disturbing  the  floors  or  walls  to  an  extent  that  would  be 
objectionable. 


B.X.  cable  is 
conduit,  but  m 
and  is  strongly  recommended  in  preference  to  the  latter. 


Fics.  7.117  and  7,118.— Greenfield  flexible  Brmoied  (B.  X.)  labk  »od  length  of  cable  coiled. 
Fic.  7,110. — Greenfield  flexible  armored  cable,  lead  coTered  conductors  (B.X.L.)  for  use  in 

Code  Iteguirementa. — Must  be  continuous  from  outlet  to  outlet. 
Most  be  equipped  at  every  outlet  with  an  apfMWved  outlet  box  or  plate. 
Must  have  metal  armor  grounded.  Must  have  ^iproved  terminal  £ttings 
i^en  entering  jimction  Soxes.  Armor  must  not  be  injured  in  bending; 
minimum  bend,  I!^  ins.  inner  radius. 

Installing  B.X.  Cable. — In  order  to  properly  remove  the 
metal  casing  or  armor,  a'  fine  toothed  hack  saw  should  be  used. 

The  armor  is  cut  diagonally  across.  The  cut  should  not  entirely  cut 
through  the  sheath,  but  should  be  deep  enough  so  that  it  will  break  if  given 
a  sUght  inward  bend.  Do  not  cut  too  deep  as  this  may  sever  the  wires  or 
puncture  the  insulation. 

After  armor  sheath  has 
be  removed  from  the  duplex  conductors.    This  is 
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slit  one  inch  below  the  sheath  about  one  inch  long,  and  then  by  pulling 
on  the  outer  braid  it  will  readily  come  off  without  much  effort. 

Before  the  cable  is  installed  it  should  be  examined  at  each  end  to  see 
whether  any  parts  of  the  sheath  ptmctures  the  insulation. 

This  is  very  important  as  grounds  and  short  circuits  are  often  thus 
acddent^y  made. 

In  installing  on  concealed  work,  the  cable  is  drawn  through  a  hole  in 
every  joist  and  beam  that  it  passes  through,  notching  out  or  cutting  grooves 
in  joists  is  not  permitted.  Care  should  be  taken  that  the  cable  should  be 
inst^ed  so  that  no  nails  will  puncture  the  armor  when  the  floor  is  laid 


RIGHT 
WAY 


WRONG 
WAY 


Figs.  7»120  and  7,121.-*-Right  and  wrong  way  to  cut  B.X.  cable  with  a  hade  Baw. 


Fig.  7,122— Cable  connector  for  securing  B.X.  cable  to  outlet  boxes,  etc. 

Fig.  7,123. — ^Bushing  for  B.X.  cable.      Where  the  cable  enters  wall  cases,  they  should  ba 
securely  clamped  to  the  box  and  be  equipped  with  a  bushing. 

Figs.  7,124  and  7,125.— 45*  and  90*  elbows  for  making  sharp  turns  from  outlet  box  with  B.X. 
cable. 
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s  meant  where  the  cable  would  not  be  disturbed  by 


No  junction  boxes  are  permitted  to  be  concealed  under  floors  or  walla. 
Make  all  splices  at  fixture  or  switch  outlets,  i£  junctioa  boxes  be  necessanr 
tbe^  should  be  installed  in  a  clothes  closet  or  pantry  or  in  open  accesstbls- 


a.    Vat  rtniight  eleetnc  work 

. _. „      ireaded  fixture  stud.    Afemiile  t 

ii  uMd  when  the  electric  firture  b  attached  to  a  gM  pipe. 


of  pipe  which  ^ould  extenfat  least  4  inches  above  and  below  the  fi 

B.X.  should  be  supported  by  straps  or  clamps  which  should  be  spaced 
about  every  IS  ins. 

B.X.  can  be  run  on  top  of  cellar  joists  without  any  running  board.  It 
is  advisable  to  Btiap  the  cable  at  every  other  joist. 

On  exposed  work  the  cable  should  be  secured  by  straps,  nails  being 
prohibits. 

B.X,  cable  must  never  be  run  in  damp  cdlara,  or  exposed  to  the  weather 
or  laid  in  concrete,  in  which  the  concrete  is  poured,  unless  it  is  lead  covered 
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(B.X.L.).  B.X.  cable  however  may  be  run  against  brick  walls  or  may 
be  laid  in  plastered  walls  and  ceilings  provided  however  that  they  are  dry. 
Never  bend  B.X.  cable  in  any  manner  whereby  the  sheath  mav  become 
injured,  as  this  may  cause  a  ground:  minimum  inner  radius  1}4  vols. 

Where  it  crosses  water,  a  steam  or  water  pipe,  for  ordinary  common 
2  or  3  wire  B.X.,  %  pipe  will  easily  slide  over.  The  sleeve  should  also 
be  screwed  so  that  it  will  not  slide  away.  This  can  be  best  done  by  strap- 
ping both  ends  of  the  sleeve  to  the  cable. 

When  wiring  for  3  way  switches  3  wire  cable  should  be  used,  as  it  is 
more  economical  to  use  one  3- wire  cable  instead  of  two  2- wire  cables. 
By  following  the  general  outline  for  concealed  house  wiring,  little  trouble 
will  be  experienced  in  installing  a  good  job. 


Tigs.  7,128  and  7,129. — Greenfield  flexible  steel  conduit;  fig.  7,128  single  strip  type;  fig.  7,129 
double  strip  type.  The  former  (fig.  7,128)  is  formed  with  a  single  strip  of  galvanized  steel, 
interlocked  and  gasketed  in  such  a  manner  as  to  be  suitable  for  concrete  construction ._  The 
double  strip  type  (fig.  7,129)  is  constructed  of  a  concave  and  convex  steel  strip,  spirally 
wound  upon  each  other  in  such  a  manner  as  to  interlock  their  concave  surfaces.  Thus  the 
convex  surfaces  of  the  two  strips  form  respectively  the  outer  and  inner  surfaces  of  the  oon- 
duit.  This  construction  insures  a  smooth  interior  surface,  thus  reducing  the  possibility  of 
friction  in  the  drawing  in  of  conductors.  A  gasket  is  provided  between  the  inner  and  outer 
strips  rendering  the  conduit  moisture  proof.  This  form  of  flexible^  conduit  is  es]>ecially 
adapted  to  use  where  the  wiring  is  installed  after  completion  of  building,  because  it  is  very 
flexible. 


5.  Flexible  Conduit  Wiring 


Flexible  conduit  is  a  continuous  flexible  steel  tube  composed  of 
convex  and  concave  metal  strips,  wound  spirally  upon  each  other 
in  such  a  way  as  to  interiock  their  concave  surfaces. 
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It  possesses  considerable  strength  and  can  be  obtained  in  long  lengths 
(50  to  200  feet);  elbow  fittings  are  not  required  as  the  conduit  may  be 
bent  to  ^most  any  radius.  The  fissiires  of  the  conduit  provide  some 
ventilation;  this  is  an  advantage  in  some  places  and  a  disadvantage  in 
others. 

Flexible  conduits  are  used  to  advantage  in  many  cases  where  rigid  con- 
duits would  not  be  desirable.  It  is  especially  adaptea  to  completed  buildings 
where  it  is  desired  to  install  the  wiring  by  "fishing   without  greatly  disturbing 


Figs.  7,130  to  7,132. — Greenfield  flexible  steel  conduit  and  fish  plug,  showing  method  of  in 
sertion.  Fish  plugs  are  made  for  \i  inch,  ^  inch,  and  ^  inch  condtut  and  are  useful  in  draw- 
ing in  the  conduit  in  finished  buildings  where  it  is  desired  to  fish  it  under  doors  or  in  parti- 
tions. After  the  conduit  has  been  cut  off  square  in  the  special  vise,  the  fish  plug  may  be 
screwed  into  the  tube  and  the  fish  wire  or  (urawing  in  line  shotdd  then  be  attached  to  the 
eyelet  on  the  end  of  the  plug.  • 


Figs.  7,133  to  7,137.— Greenfield  flexible  conduit  tools.  Special  tools  are  necessary  for  installing 
this  type  of  conduit.  Fig  7,133,  buying;  fig.  7,134,  reamer:  fig.  7,135,  bushing  tool;  fig. 
7,136,  cable  armor  cutter;  fig.  7,137,  vise  for  holding  conduit.  To  remove  cable  armors,  clamp 
the  conductor  firmly  in  the  armor  cutter  and  with  a  pair  of  cutting  pliers  back  the  armor 
off,  one  strip  at  a  time,  to  the  point  of  contact  with  the  cutting  edge  of  the  tool.  The 
vise  for  holding  conduit  tak^  all  sizes.  The  conduit  can  be  cut  with^  an  ordinary  hack 
saw.  To  protect  the  insulation  against  any  possible  in  jury  while  the  wire  is  being  drawn 
in,  a  soft  metal  bushing  should  be  inserted  in  the  end  of  the  tube  and  secured  permanently 
thereto  by  means  of  the  bushing  tool.  The  bushing  provided  for  this  purpose  has  an  out- 
side thread .  which  permits  its  being  screwed  into  the  end  of  the  tube  and  then  expanded  by 
the  use  of  the  tool.  The  tool  should  always  be,  used  after  the  bushing  has  been  screwed 
into  the  pipe,  then  the  bushing  tool  should  be  inserted. 
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In  installing  flexible  conduit,  it  is  "fished"  under  floors,  in 
partitions  between  the  floor  and  ceiUng,  by  making  pockets  in 
the  floors,  walls  or  ceilings,  say  every  15  or  20  feet,  and  fishing 
through  first  a  stiff  metal  wire  called  a  "snake,"  and  then  attach- 
ing the  conduit  to  same  and  pulling  the  condmt  in  place  from 
pocket  to  pocket. 

On  vertical  runs,  a,  ch&in  or  Teighted  string  is  used  which  is  dropped 
from  the  outlet  to  tiie  floor  and  its  loner  end  located  by  sound  of  the  chain 
end  or  weight  strikii^  the  floor. 


7,13S. — Rl^d  conduit.  TOb  dimeasums  of  the  vsri- 
s  tiiea  am  pvcn  in  ihe  t»ble  »t  the  left,  ftota  which 
will  b*  Ken  that  the  dimeodons  and  threads  are  the 
ma  as  f or  itaadaid  (aa  called)  wnni^t  iioa  pipe. 


6.  Rigid  Condmt  Wiring 

Rigid  conduit,  commonly  called  pipe  (but  different  from 
ordinary  pipe  used  for  other  purposes)  comes  in  lei^hs  of  10  ft. 
or  less,  and  must  never  be  used  in  sizes  smaller  than  one-half  inch 
pipe  or  nominal  size. 

There  Br«  two  kinds  of  rigid  conduit,  the  unlined  and  the  lined.  Unlined 
conduit  consists  of  an  iron  or  steel  pipe,  sinilar  in  size)  thickness,  and  in 
every  other  way  to  gas  pipe,  except  that  special  precautions  are  taken  to 
free  it  inside  from  scale  or  any  irregularities;  it  is  then  coated  inside  with 
enamel,  outsidt  it  is  sometimes  enameled  and  sometimes  galvanized. 

Lined  conduit  usually  consists  of  a  plain  iron  pipe  lined  with  a  tube 
of  paper  which  has  been  treated  with  an  asphaltic  or  similar  compound. 
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this  i>aper  tube  is  cemented  or  fastened  to  the  inside  of  the  iron  pipe  so 
that  it  forms  practically  an  integral  part  of  the  same. 

As  compared  with  lined  conduit,  unHned  conduit  is  cheaper,  because 
having  no  lining,  a  smaller  size  of  conduit  can  be  used  for  any  given  size  of 
conductor;  it  is  also  cheaper  to  install,  as  it  can  be  bent,  threaded,  and  cut 
more  readily  than  the  lined  conduit.  Wires  may  be  more  easilv  inserted 
and  withdrawn  as  the  inside  is  smoother  than  that  of  the  lined  conduit. 

A  disadvantage  of  unlined  conduit  is  that  the  Code  requires  the  use  of 
double  braided  conductors  instead  of  single  braided  which  are  allowed  for 
lined  conduits. 

The  installation  of  wires  in  conduits  not  only  affords  protection  from 


ORDINARY  FORM 


COMMERCIAL  FORM  \^pf 

Fig.  7,139. — Ordinary  form  of  hickey  or  conduit  bender.  It  consists  of  a  piece  of  one  inch  steam 
^ipe  about  three  feet  long  with  a  one-inch  cast  iron  tee  screwed  onto  one  end  of  the  pipe. 
CTnis  device  is  used  as  follows:  the  conduit  to  be  bent  is  placed  on  the  floor  and  the  tee 
slipped  over  it.  The  workman  then  places  one  foot  on  the  conduit  close  to  the  tee.  and 
pulls  the  handle  of  the  bender  towards  mm .  As  the  bending  progresses .  the  workman  shotild 
take  care  to  continually  move  the  bender  away  from  himseU,  to  prevent  the  buckling  of 
the    conduit. 

Fig.  7,140.^-Commercial  form  of  hickey  or  conduit  bender. 

mechanical  injury,  but  also  reduces  the  liability  of  a  short  circuit  or  ground 
on  the  wires  producing  an  arc  which  would  set  fire  to  the  surrounding 
material;  the  conduit  b«ing  of  sufficient  thickness  to  blow  a  fuse  before  the 
arc  can  bum  through  the  conduit. 

Ckkle  Requirements* — ^Rigid  conduit  must  be  continuous  from  outlet 
to  outlet  or  to  junction  bores,  and  must  properly  enter  and  be  seciired  to 
all  fittings,  and  the  entire  system  be  mechanically  secured  in  position. 
In  case  of  service  connections  and  main  wires,  this  involves  rtmning  each 
c6nduit  continuously  into  a  main  cut  out  cabinet  or  gutter  sturounding 
the  panel  board  as  tiie  case  may  be.  Conduits  must  be  equipped  at  every 
outlet  with  an  approved  outlet  box  or  plate.  Outlet  plates  must  not  be 
used  where  it  is  practicable  to  install  outlet  boxes.  The  outlet  box  or  plate 
must  be  so  installed  that  it  will  be  flush  with  the  finished  surface,  and  if 
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this  surface  be  broken,  it  shall  be  repaired  so  that  it  will  not  show  any  gaps 
or  open  spaces  around  the  edge  of  the  outlet  box  or  plate. 

In  buildings  already  constructed  where  the  conditions  are  such  that 
neither  outlet  box  nor  plate  can  be  installed,  these  appliances  may  be 
omitted  by  special  permission,  providing  the  conduit  ends  are  bushed  and 
secured.  It  is  suggested  that  outlet  boxes  and  fittings  having  conductive 
coatings  be  used  m  order  to  secure  better  electrical  contact  at  all  points 
throughout  the  conduit  system. 

Metal  conduits  where  thev  enter  junction  boxes,  and  at  all  other  outlets, 
etc.,  must  be  provided  with  approved  bushings  or  fastening  plates,  fitted 
so  as  to  protect  wire  from  abrasion,  except  when  such  protection  is  ob- 
tained by  the  use  of  approved  nipples,  properly  fitted  in  boxes  or  devices. 


CEILINO 


CONDUIT 


I  CONDUIT 


wjw///////?////////yj^/j^/A^y/^/j 


Figs.  7,141  and  7,142. — Methods  of  bending  large  conduits.  A  substantial  support  is  necessary 
which  may  consist ,  as  in  f^.  7,141 ,  of  two  pieces  of  2X4  studding  A  and  B,  securely  fastened 
to  an  upright.  The  conduit  is  placed  under  the  block  A  and  over  the  block  B ,  and  then  bent 
by  a  downward  pressure  exerted  at  C,  the  conduit  in  the  meantime  being  gradually  advanced 
in  the  direction  C,  to  give  a  curve  of  the  required  radius.  The  method  shown  in  fig.  7,142, 
may  be  used  wherever  a  ring  A,  can  be  attached  to  a  beam  or  girder  by  means  t>f  clamps 
or  otherwise  to  serve  as  a  support.  In  this  case  the  conduit  is  slipped  through  the  ring  and 
placed  on  the  top  of  blocking  B.  The  bending  is  accomplished  by  means  of  a  block  and 
tackle  ringed  to  an  overhead  beam  as  shown.  Where  ring  supports  cannot  be  arranged, 
the  apphcation  of  frame  bending  methods  give  the  most  satisfactory  results. 


Conduits  must  have  the  metal  of  the  conduit  permanently  and  effec- 
tually grotmded.  Conduits  and  gas  pipes  must  be  securely  fastened  in 
metal  outlet  boxes  so  as  to  secure  good  electrical  connections.  If  conduit, 
couplings,  outlet *boxes  or  fittings  having  protective  coating  of  insulating 
material,  such  as  enamel,  be  used,  such  coating  must  be  thoroughly  re- 
moved from  threads  of  both  couplings  and  conduit  and  from  sunaces  of 
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boxes  and  fittings  where  the  conduit  is  secured  in  order  to  obtain  requisite 

good  connection. 

* 

Where  boxes  used  for  centers  of  distribution  do  not  afford  good  electrical 
connection,  the  conduits  must  be  joined  around  them  by  suitable  bond 
wires.  Where  sections  of  metal  conduit  are  installed  witnout  being  fast- 
ened to  the  metal  structure  of  buildings  or  grounded  metal  piping,  they 
must  be  bonded  together  and  joined  to  a  permanent  and  efficient  ground 
connection.  Junction  boxes  must  always  be  installed  in  suc^  a  manner 
as  to  be  accessible.  All  elbows  or  bends  must  be  so  made  that  the  conduit 
or  lining  of  same  will  not  be  injiired.  The  radius  of  the  curve  of  the  inner 
edge  of  any  elbow  must  not  be  less  than  3J4  ins.  Must  have  not  more 
than  the  equivalent  of  four  quarter  bends  from  outlet  to  outlet,  the  bends 
at  the  outlets  not  being  counted. 


BEAM 

Figs.  7,143  to  7,145. — ^Methods  of  bending  large  conduits.  Pig.  7,143.  by  heating.  Large 
conduit  such  as  sizes  above  3"  may  be  bent  if  they  be  first  filled  with  dry  sand  to  prevent 
kinking  and  heated  until  cherry  red  over  a  coal  fire,  then  bending  as  shown.  In  fig.  7,144, 
the  conduit  is  inserted  into  a  ring  secured  to  the  floor  and  bent  over  a  horse  by  pulling 
down  on  the  end.  The  pipe  will  not  kink  as  the  wooden  horse  is  softer  than  the  pipe.  An- 
other method,  as  shown  in  fig.  7,145,  consists  of  inserting  the  conduit  in  the  V  of  a  tree  and 
bending  by  attaching  block  and  tackle,  worked  by  team  of  horses,  or  preferably  by  a  differ* 
ential  tadde  as  shown. 


Fig.  7.146. — ^Rittenhouse  conduit  bender. 
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Installing  Rigid  Conduit. — Cutting  should  be  done  with 
a  hack  saw  unless  the  pipe  be  thoroi^hly  reamed  to  remove  the 
burr. 


Bends. — The  best  method  of  bendii^  small  size  conduit  is  hy  the  use 
of  a  bending  tool  called  a  Mckey,  o£  which  there  are  various  types.  A 
cheap  and  serviceable  hickey  can  be  made  out  of  a  1  in.  tee  screwea  on  to  a 
piece  of  1  in.  vater  pipe  a^bout  36  ins.  loi^. 


.   Tbii  ti'pe  ol  R  tool  ilMuU  be  nMd  on  Urge 


Pics.  7.U8  to  T.IEO. — Comet  method  at  miJfiay  a  quarter  bend  with  a  hiclH.  The  pips 
ihouLd  be  mmrked  at  th*  pUce  vtaere  the  bend  u  to  be  nude.  Crup  pipe  witiq  hicloey  and 
raiie  [dpa  from  floor  a  (ew  incliai,  shift  hickey  and  bend  conduit  a  litue  mors;  ksep  ihiftiiui 
bidcey  notU  thauoper  bend  B  nude.  Unlew  bidcey  be  shifted,  the  ^pe  will  be  Id^nd, 
thiu  "■■<""»  It  ufflcolt  to  poU  tha  wires  thnnich  the  pipe;  kmked  bends  will  not  pus  bi- 
Ktioa.  I»  m  ■  -     -    ~    ■    " "  


in  floor  in  en  upright  poeition  with  tha  bend- 


ins  pert  up  ■  insert  pipe  into  opening  and  puU  down  on  tha  pipe,  unig  the  length  of  t^  p^ 
se  a  Igvereae,  luvi^[  nude  the  bead  u  fsr  u  deaired,  torn  the  bend  up  end  repeat  aa  abore. 
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conduit  over  the  knee,  Email  offsets  and  saddles  for  particular  work  should 
be  bent  with  a  biclcey. 

Other  methods  consist  in  utilizing  trolley  tracks,  crutches  of  a  tree, 
spaces  between  cast  iron  sewer  pipes  and  catch  banns,  street  man  hole 
covers,  machinery,  etc. 

Always  make  sure  that  the  bends  are  true,  otherwise  the  offset  vrill 
have  a  crook  or  bow  in  it, 

eabdein 


F1GS.7.ISI  to7,I54. — Conduit fittinsi.  Fia,  7.151,  mundstyleoutletboiifie.  7,152, insalatsd 
fixture  Elud  for  use  in  outlet  boxes  Tnote  insulated  ituda  are  uM^d  iniUad  ofmiulBtlng  joioti); 
ts.  7,153.  outlet  bOK  cone;  Gg.  7,151,  ipider  conu  foi  snap  switches  and  recefitadea  to  fit 


ftos.  7.165  and  7,1S8. — Conduit  tee  fittins.  Fig.  T.lSfi  ihowa  method  o(  pushingirlreo through 
condmtB  ffom  tee  Atting,  and  fis.7.1SQ.  how  a  eplics  or  branch  tap  appeals  from  thefitting — 
nota  method  of  tupping. 

Instead  of  bending  the  conduit  standard  elbows  or  bend  fittings  may  be 
used.  These  have  female  threads  at  each  end  into  which  the  threaded  ends 
of  the  conduit  is  screwed. 
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Threading. — To  successfully  cut  threads,  the  dies  should  be  sharp 
and  i^nty  of  lubricant  should  is  used,  otherwise  the  dies  are  overheated, 
lose  their  temper  and  soon  became  dull  with  resulting  poor  thread  and 
much  physical  effort  required  to  cut  the  threads.  Do  not  expect  to  obtain 
perfect  threads  unless  the  dies  be  ground  to  the  correct  cutting  angle— 


Pic.  7,157.— Fitting  for 


The  proper  method  for  making  a  running  thread  is  to  cut  a  thread  on 
tlie  conduit  the  same  length  as  the  length  of  the  coupling;  the  thread  should 
be  made  loose  so  that  the  coupl- 


ing will  turn  easily.  A  lock-n.__ 
is  placed  in  back  of  the  coupHng 
to  lock  coupling  in  place. 

In  cutting,  do  not  lubrica^ie  by 
the  spasmodic  flooding  with  oil, 
as  this  immediately  runs  off  and 
does  little  good.  Instead  of  oil 
provide  a  small  can  of  lard  and 
apply  to  pipe  end  with  a  bnish. 
Evidently  as  the  die  advances ,  the 
heat  of  cuttingprogressively  melts 
the  lard.thuspvingacontinuous 
suppl j^  of  lubncant  with  no  waste . 
Only  right  hand  threads  are  used 
for  electrical  work.* 


L^ 
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In  this  joining  together  lengths  of  conduit  butt  the  ends  of  conduit  to- 
gether and  run  coupling  over  pipe  to  be  coupled,  after  running  the  coup- 
Qng  up  as  far  as  it  will  go,  lock  the  coupling  with  the  lock  nut  so  that  a 
good  tight  joint  will  be  made. 

Running  threads  should  not  be  made  on  pipe  for  underground  purposes, 
unless  joints  are  tight  and  painted  with  lead  and  conductors  in  conduit 
are  lead  covered. 


PlGS.  7.159  to  7, 183.— Conduit  fittingi.  Fig.  7.159,  lock  nut;  fig.  T.IOO.  bushing;  fig.  7,Ifll, 
Eiickson's  couplins  or  running  thread  union;  figs.  7,102  and  fig.  7,163,  penny  plug  to  prevent 
foreign  objei^  fHlUng  into  conduit. 


The  ends  of  all  conduits  where  they  terminate  such  as  on  meter  loops, 
motors,  and  apparatus  must  be  equipped  with  a  porcelain  or  other  insu- 
lated bushed  fitting.  Plain  iron  bushings  are  not  to  be  used  only  on  conduits 
protecting  ground  wires. 

Where  it  is  deared  to  install  a  number  of  conductors  in  one  laree  conduit 
and  distribute  them  from  a  central  point,  junction  boxes  should  be  used. 
These  should  be  used  on  long  conduit  runs  as  pull  boxes  to  facilitate  in- 
stalling the  wires  in  the  conduit. 
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Pan  cake  boxes  are  used  et 


In  laying  coaduit  in  concrete,  it  should  be  bent  at  each  end  and  brou^t 
into  the  back  of  the  outlet  boxes  and  secured  bjr  locknuts  and  bushings. 

Pancake  of  flush  boxes  should  be  used.  The  pipe  is  looped  from  outlet 
making  all  jcmta  at  outlets. 


3.  7,160. — Conduit  ground  damp. 


id  TECFpticlE  conr.  Koto  m«tbod 
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Lofts  Euid  factory  buildings  of  beam  constructioii  oSer  much  difficulty 
in  installing  conduits.  Bm^nf^  the  conduit  to  pass  around  beams  requires 
a  lot  of  labor,  causes  difiScultv  m  pulling  in  the  wires,  and  presents  an  un- 


n  various  types.     In  this 


Method*  of  Securing  Condatte- — On  wood  or  plaster  ceilings  conduit 
should  be  secured  by  means  of  straps.  These  may  b«  obtained  in  various 
forma  and  may  be  festened  either  by  nails  or  screws. 

On  metal  ceilings  toggle  bolts  should  be  used,  the  same  on  ceilings  of 
metal  lath.  On  concrete  ceilings  wooden  plugs  or  lead  shields  should  be 
inserted  into  holes  dulled  by  means  of  brick  dnlls. 

Conduits  may  be  secured  to  iron  beams  or  girders  by  means  of  specially 
constructed  be^  clamps. 


Fics.  7,170  to  7 
in.   Pull  txaie*  are  aJao  uieEui 


I  .—PuH  boxes  sad  their  us 
purpOH  of  Bvoidins  the  C 

conduit;  too  many  bends  .._       . . 

U  boxes  are  al9o  uttEul  in  plnces  vhue  the  mmncBmeut  of  the  conduit  ii  auch  that 
aDODM  irould  ba  expaienced  in  bending  it  to  a  fit.  and  also  m  the  case  of  conduits  which 
an  fint  ran  on  a  ode  wall  and  then  have  to  bs  carried  across  tbs  colins  at  n«ht  aades  to 
thairall.  na.  TtlTOshowsanexampIsofobiectioaable  bends,  and  Sg.T,l7I,  the  mettiod^ 
ovenonung  the  difficnl^  by  the  ose  of  a  pull  box.  It  is  evident  that  it  irould  be  imposutje 
toicake  amne  of  these  bendi  so  as  to  permit  the  drawing  in  of  the  conductor*.  ThisdM- 
colty  »  oTcroorae,  as  sbown.  by  plsdnc  a  pull  box  on  the  wall,  with  its  top  close  to  the 
ceUms.  A  board  B,  having  the  proper  size  holes  for  the  conduits  ia  fsstened  to  the  front 
of  theboianddosetothe  ceiling.  After  the  conduclota  have  bee;  " 
alonathe  wall  as  far  as  the  pull  box,  they  can  be  readily  pulled  at 

the  nolea  in  the  board  into  the  correaponding  conduit  on  the  ceili  „ .       _. ..  

use  of  a  pull  box  in  a  case  where  it  is  necessary  to  run  conduit  through  paititicais  at 


boithTDueh 
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Grounding  of  Cbndurta.— Ground  connections  should  be  made  either 
by  ground  clamps  or  by  special  methods  in  which  ground  clamps  are  not 
used.  In  installing  ground  damps  at  least  one  clamp  is  used  on  the  ccmduit 
and  one  on  the  pipe  which  affords  the  ground.  A  ground  wire  is  arrai^ed 
between  the  two  and  soldered  in  the  lug  of  each.  More  than  one  ground 
is  desirable.    At  all  combination  outlets,  ground  the  outlet  box  to  the  gas 


PuUina  Wirea  in  Conduit. — The  wires  should  be  free  from 
all  kinks  and  bends  and  should  be  straightened  out  and  laid 
parallel  as  they  enter  the  conduit,  «nd  wherever  possible  they 
should  be  pushed  in  by  hand. 


Never  apply  oil  or  grease  to  wires  so  that  they  will  slide  easy, 
this  rots  the  insulation.  Powdered  talcum  or  soap  stone  should 
be  used  especially  in  the  hot  weather  when  the  insulation  is 
sticking. 


not  attempt  to  pull  wires  into  runs  of  conduit  that  have 
long  len^hs  as  it  is  much  easier  to  insert  a  pull  box  at 
-  points  in  the  run  to  relieve  excess  labor  in  pulling  in 
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The  obsolete  method 
o£  hooking  snakes 
pushed  in  from  each 
end  o£  the  conduits, 
requires  a  lot  of  labor, 
which  may  be  avoided 
by  the  use  of  pull 
boxes  properly  pl&ced. 

In  pulling  wires  in 
long  conduits,  much 
time  can  be  saved  if  a 
end  is  blown  through 


No,  14  to  0  inclusive  every  100  feet.  No.  00  to  0000  inclusive  every  80 
feet.  Above0000to350,000C,M.inblusiveevery  eOfeet,  Above350,000 
C.  M.  to  600,000  C.  M.  inclusive  every  50  feet.  Above  500,000  C.  M.  to 
750,OOOC.  M.  inclusive  every  40  feet.    Above  750,000  C.  M.  every  35  feet. 


id  presents  vnsighlly  HppcHn 


or  ibort  lengihs  of  c 


J 
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Practical  Points  Relating  to  Inside  Ck>nduit  Wiring.-- 

The  following  instructions  apply  to  the  installation  o£  wiring  in 
both  rigid  and  flexible  conduit: 

1.  All  conduits  should  be  made  continuous  from  one  junction  or  outlet 
box  to  another,  or  to  the  various  fixtures.  A  conduit  installation  is  made 
a  complete  system  by  the  use  of  outlets,  outlet  boxes,  switch  or  junction 
boxes,  and  yaxatl  boxes  vnth  doors  and  locks,  which  serve  to  thoroughly 
protect  the  ciicujt  at  all  points. 

2.  In  the  installation  of  interior  conduit  wiring,  the  tubes  are  usually 


Fig.  7.107.— Method  of  huUUinEi 
duit  includea  ths  placing  oC  aU< 
or  pUutering  wort  u  eiecuWd,  „ 
and  the  receptacles,  awitches.  etc. 


i»£u  executed,  and  after  that  it  finished,  the  wi 

- ,_icles,Bwitches.  etc.,  put  in  position.    The 

snatly  fadliUled  by  the  us«  of  pull  boxts  aa  shown  in 


St  in  place  as  soon  as  the  partitions  of  the  buildings  have  been  constructed. 
non-fireproof  buildings,  the  tubes  are  usually  supported  from  the  imder- 


1 

L 


4,  For  wiring  installations  in  buildings  constructed  entirely  of  reinforced 
concrete,  the  preliminaiy  work  should  be  laid  out  during  me  progress  of 
the  building  operations  so  as  to  avoid,  as  much  as  possible,  the  neces^ty 
of  drilling  holes  in  the  finkhed  concrete  work. 

5.  Forconcealed  wiring,  the  location  of  all  the  outlets  should  be  marlred 
by  sheet  iron  tubes  large  enough  to  hold  the  conduits.  These  tubbs  should 
be  properly  plugged ,  and  s&.  in  the  false  work  before  the  concrete  is  poured 
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in.    In  a  similar  manner,  threaded  pieces  of  conduit  of  the  proper  size, 
should  be  placed  in  the  false  work  for  risers. 

6.  For  exposed  wiring  on  concrete  walls  and  ceilings,  suitable  cast  iron 
supports  should  be  set  m  the  moulds  at  regular  intervals.  When  liberally 
used,  these  supports  will  also  serve  as  good  supports  for  other  pipes. 

7.  Where  a  conduit  line  terminates  on  the  outside  of  a  building  some 
suitable  fitting  such  as  a  pipe  cap  should  be  used,  as  shown  in  fig.  7,180, 
to  prevent  the  entrance  of  moisture  into  the  conduit  system. 

8.  Where  it  is  desirable  or  necessary  to  continue  open  wiring  from  con- 
duits, or  where  the  character  of 
the  wiring  makes  it  necessary  to 
brine  the  wires  over  from  the 
conmiit,  as  in  an  arc  lamp,  neat 
and  safe  work  can  be  done  by  use 
of  a  suitable  form  of  candulet  as 
shown  in  fig.  7,181. 

9.  Where  a  conduit  line  ter- 
minates in   a    switch   or  x>anel 
•box.     the     lining     or     casing 
of  the  paiiels  shouMbe  of  iron ,  and 
the    conduit   firmly   secured   to 

Fig.  7,180. — Service  entrance  to  interior  conduitsystem;  showing  metliod  of  preventing  moisture 
reaching  the  interior  of  the  conduit  system.  - 

Fig.  7,181. — Outlet  to  arc  lamp  from  conduit  by^  use  of  condulet.  The  wires  are  brought  out 
from  the  conduit  system  at  a  distance  of  2^  inches  apart.  Conduits  are  made  in  a  great 
variety  of  design  with  interchangeable  porcelain  covers  which  render  them  adaptable  to 
almost  all  cases  requiring  the  instadlation  of  outlet  boxes. 


OFFSET 


CORRea    METHOD 


OUTLCT 


INCORRECT   METHOD 


CORRECT     METHOD    WHERE    THE    BOXES    ARE   LESS    THAN    \Z*    APART 

FiGS.  7,182  to  7.184. — Right  and  wronp  methods  of  instaHingconduit  to  outlet  boxes.  When 
the  conduit  hole  is  in  the  center  of  the  box,  a  much  neater  job  is  made  if  the  conduit  be 
bent  at  each  outlet  where  the  pipe  enters  the  box .  On  borders  or  decorative  work  where  the 
outlets  are  close  to  each  other,  as  in  fig.  7,184,  short  pieces  of  pipe  need  not  be  bent,  because 
of  the  considerable  labor  rectuired  in  making  a  multiplicity  of  bends.  Fig.  7,183  show 
incorrect  method  where  boxes  are  over  12  ins.  apart. 
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it  so  as  to  make  good  electrical  contact.  Vertical  lines  of  conduit  should 
be  fastened  to  the  wall  or  other  supports  in  such  s.  manner  as  to  prevent 
the  weight  of  the  conduit  coming  on  the  panel  box,  and  each  length  of 
conduit  installed  should  be  fastened  so  as  to  bear  only  its  own  wdght.  The 
best  method  of  fastening  conduit  to  brick  walls  isbytheua     ""    ""'    " 


Figs.  7,185  to  7.189. — SpraEuc mulcilet  covera.  Pig.  T.18S,  ni  winEKHcelun  cover;  fis.  TJ86, 
P&5.  rec.  cov«-i  Gg.  7.1  S7,  cover  for  five  ampere  Bnsp  Bwitclii  Sg.T.lSS,  C.  B.  aid  F.  ft 
S.  rec.  cover;  fiE<  7,189.  cover  for  ten  ampere  snap  switch. 
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bolts  and  screws.  In  the  case  of  fire  brick  ceilings  or  other  plastered  walls, 
toggle  bolts  should  be  used.  When  conduits  are  run  on  wooden  or  iron 
beams y  various  kinds  of  pipe  hanger  may  be  employed. 

10.  There  are  numerous  devices  on  the  market  for  bending  conduit  for 
the  making  of  elbows,  offsets,  etc.,  but  the  majority  possess  the  disadvan- 
tage that  the  conduit  must  be  taken  to  them  to  be  bept.  In  the  case  of  the 
smaller  sizes,  this  difficulty  is  avoided  by  the  use  of  some  form  of  conduit 
bender  such  as  shown  in  figs.  7,139  and  7,140. 

11.  In  aQ  cases,  the  interior  diameter  of  the  conduit  installed  should  be 
amply  sufficient  to  permit  of  the  wires  being  drawn  in  easily,  thus  providing 
a  substantial  raceway  for  the  conductors.  The  practice  of  pullmg  wires 
through  conduit  by  means  of  a  block  and  tackle  is  v^  objectionable.  It 
is  evident  that  if  the  wires  be  pulled  in  by  the  application  of  much  force  the 
insulation  is  very  liable  to  become  damaged;  furthermore »  much  difficulty 
wiU  be  experienced  in  pulling  them  out  again,  especially  in  warm  places 
where  the  neat  tends  to  soften  the  lining  of  the  conduit,  and  also  the  rubber 
covering  of  the  wire.  Powdered  soapstone  put  in  the  pipe  while  the  wires 
are  being  drawn  in  will  lessen  the  friction  and  permit  the  wire  to  go  in  more 
readily. 
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CHAPTER  110 

Wiring  Finislied  Buiidings 

The  wiring  of  finished  houses  is  not  as  easy  as  it  may  appear, 
as  there  are  no  two  houses  btiilt  alike,  and  there  are  no  two  wirc- 
men  who  wotdd  wire  the  same  house  in  the  same  manner. 

Then  there  are  numerous  setbacks  that  make  it  difficult  to 
proceed  with  the  work  quickly,  such  as  parquet  floors,  double 

floors,  clogged  parti- 
tions and  other  ob- 
structions which  are 
outlined  so  that  if  the 
instructions  are  care- 
ftdly  followed  no  diffi- 
culty will  be  experi- 
enced. 

By  lajdng  out  the  job 
and  drawing  a  rough 
sketch  much  labor  and 
material  will  be  saved. 

In  many  cases  the  only 
instructions  given  the 
electrician  who  does  the 
wiring  is  siniply  a  plan 
showing  the  location  and 
number  of  lights,  from 
which  he  must  figure 
out  how  to  install  them 
using  the  least  amount  of 

f^G.  7,191. — ^Plan  showing;  one  floor  of  a  dwellins  house  wired  with  conduits.  The  numbers 
on  the  various  outlets  indicate  the  number  of  lamps  supplied.  The  wiring  is  carried  out 
on  the  lo^  system,  and  it  will  be  noticed  that  no  branches  are  taken  off  between 
outlets.  Four  circuits  are  used  in  order  that  there  may  not  be  more  than  ten  lamps  on 
any  one  circuit. 
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material  and  labor  consisteat  with  a  good  installation  that  will  pass  in- 
spection. 

It  should  be  ascertained  bow  many  sockets  are  to  be  attached  to  each 
outlet,  as  the  code  allows  only  660  watts  to  each  2  wire  circuits  on  40  watts 
per  socket,  base  plugs  are  counted  as  sockets. 

After  having  laid  out  the  ntimber  of  lights  per  circuit  and  the  number 
of  circuits,  the  center  of  distribution  should  then  be  found — if  a  lari^e 
house  havinfr  over  4  circuits,  it  is  advisable  to  install  a  panel  board  that  will 
feed  the  various  circuits,  this  panel  should  be  installed  at  a  central  point. 

Panel  boards  in  loft  buildings  or  in  any  building  requiring  8  to  10  circuits 
to  a  floor  should  be  distributed  one  to  a  floor. 
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Pig.  7,192. — Two  wire  parallel  system  as  used  with  isolated  plant. 
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Pig.  7,103.— Double  tlifow  twitch  for  use  in  isolated  plants  when  auxiliary  power  is  used  from 
the  central  station  is  case  of  breakdown. 

Pig.  7,1M. — ^Double  throw  three  pole  switch  for  use  in  isolated  plants  where  auxiliary  power  is 
bctm^t  in  throui^  three  wire  system.  The  side  of  the  switch  controlling  the  current  is 
bridged  as  shown. ' 
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In  a  building  covering  a  large  area  it  is  often  advisable  to  install  two 
panels  or  centers  to  a  floor,  with  two  sets  o£  Iceders.  It  is  advisable  to 
keep  circuit  lengths  down  to  100  feet  or  less,  and  the  judicious  laying  out 
of  circuit  centers  will  save  many  £eet  of  wiring. 

The  distributing  centers  or  cut  out  cabinets  should  be  installed  near  a 
partition  that  is  so  located  as  to  make  the  running  o£  risers  easy,  and  should 
be  on  an  inside  wall  to  guard  against  dampness. 


In  private  houses  it  is  sometimes  advisable  to  install  only  one  panel  for 
the  entire  house.  This  is  good  practice  for  a  three  story  house  not  requiring 
over  twelve  circuits. 

In  some  cases  it  is  not  advisable  to  installa  panel,  but  to  bring  the  wires 


Pic.  T.lSfi.— Threi 


power  is  Bupplied  from  an  outside  source  and  brDusht  in  Uirough  the  tlii 
Tiw  only  difference  between  the  three  wire  convertible,  and  the  straight  It 
is  that  the  center,  or  neutral,  wire  of  the  mains  and  feeders  shoi  ' "  ' 
equal  to  the  other  two.   Tht  taaton  for  this  is  that  it  allows  the  s 
over  to  a  two  wire  Eystem  for  use  in  connection  with  b  private 
pens.that  after  using^ power  from  the  local  electric  illuminatin 

If  a  straight  three  wire  system  hadbeen  originslly  installed .  the 
used  on  a  two  wire  system  would  not  be  heavy  enoiish  by  25  pf 
of  a  straight  three  wire  system  is  the  same  m  siie  as  one  of 
theoretically  carries  one-half  the  current  or  less. 

Fic,  7.196.— Diasram  showing  rainforcement  of  neutral  wirenecsi 


M)  Bdvatitaje  where 
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down  to  the  ceUar,  to  the  meter  board  where  fuse  blocks  for  the  various 
dxcuits  are  installed  on  the  meter  board. 

Feeders  and  Mains. — Making  a  feeder  layout  for  a  large 
bttilding,  a  good  method  is  to  draw  an  elevation  of  the  bttilding 
as  in  fig.  7,197,  and  note  on  each  floor  the  current  requirements. 

The  best  plan  is  to  furnish  a  feeder  for  every  floor,  especially  in  large 
installations.  In  smaller  installations  one  or  two  feeders  are  sometimes 
all  that  are  required. 

Feeders  for  motors  should  be  ind^endent  of  lightinig;  feeders.  In  calcu* 
lating  sizes,  feeders  requiring  over  2  inch  pipe  ^oula  not  be  used.  It  is 
better  to  subdivide  them,  especially  if  there  be  many  bends  or  offsets,  since 
two  inch  pipe  is  about  the  luniting  size  for  economical  handling. 

Feeders  should  radiate  from  a  distributing  panel,  having  a  proper  sized 
switch  and  fuse  for  each  feieder. 

If  the  system  of  wiring  be  such  that 
auxiliary  power  is  taken  from  a  local 
lighting  company,  it  is  a  good  plan  to 
have  each  circuit  comtolled  by  a  double 
throw  switch  so  that  in  case  of  over- 
load, an^  circuit  can  be  fed  from  the 
iUtuninating  company's  mains  as  in 
fig.  7,193. 

It  is  advisable  to  install  feeders  ^nd 
mains  in  conduit  even  though  the 
circuit  wires  be  run  otherwise.  Since 
the  former^  carry  the  main  supply  of 
current  it  is  important  to  have  uiem 
well  protected  as  they  usually  run  up 
side  walls. 

The  underwriters  make   munenms 

restrictions  against  open  or  moulding 

work  on  bri(£  waUs  and  require  good 

J  protection,    and    this    is    an    addi- 

'  tional  reason   for  piping  the   mains 

and  feeders. 
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Pio.  7,1«7.— l>iaar»m  diowtna  cumnt  TWidred  on  cadi  floor  of  baildk«.  A  sketch  of  this  land 
is  taseful  in  laymg  out  thefeeder  system.  In  the  building  here  shown  it  will  be  seen  tiiat 
the  basement  and  fi»t  floor  require  the  most  power.  In  such  a  case  a  feeder  is  run  for  these 
floors,  and  a  sub-feeder  from  the  basement  to  the  first  floor.  It  is  not  worth  whUe  to  re- 
dtace  the  siae  of  the  sub-feeder  unless  the  amount  of  current  used  on  ttie  sub-feeder,  be  a 
small  oercentase  of  that  used  in  the  feeder.  Another  reason  is  that. m  changing  the  nzeot 
kwmTthe  tSderwriters  require  a  fuse  to  be  inserted.  This  makes  it  necessary  to  mstalla 
larger  panel  with  latgcr  trim,  etc.,  and  the  consequent  expense  easily  offsets  any  gam  mafto 
by  iiif*^^^«"g  a  smaller  wire. 
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o  additions  could 


Locating  Outlets. — If  concealed  wiring  is  to  be  installed,  the 
outlets  should  be  marked  on  the  ceilings  and  walls  with  a  pencil 
cross  at  the  spot,  markii^  also  the  location  of  switches,  etc. 


m  floor  aiUI  tnuDCerricc 

Furring  Strips. — ^After  locating  the  outlets  a  small  portion 
of  flooring  is  removed  to  find  out  whether  or  not  there  are 
seventh -eighths  inch  furring  strips  between  the  joists  and  the 

ceiling  plaster. 

If  house  have  hot  air  registers  set  in  the  floors,  they  may  be  lifted  up,  . 
instead  of  taking  up  flooring.  If  it  be  found  that  there  are  furring  strips.  ' 
much  labor  will  be  saved,  as  the  wires  may  then  be  fished  from  outlet  tc 
outlet  and  little  flooring  need  b^  removed.    All  houses  however  are  not  so 
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Cutdttg  the  Outlets. — After  locating  the  centers  for  the 
outlets,  the  plaster  must  be  cut  out  so  that  the  outlet  box  will 
set  in. 


M  fiihed  without  takmg  up  flooiins 


JL 
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For  this  purpose  a  special  tool 
has  been  designed,  this  plaster 
drill  is  constnictal  so  that  it 
may  be  fitted  over  a,  gas  pipe, 
the  cutters  are  adjustable  so  that 
any  size  hole  may  be  cut,  A  bell 
shaped  cup  catches  any  dirt  that 
may  be  removed  so  that  a  neat 
and  clean  job  is  made,  if  drill  of 
this  type  is  used.  But  if  a 
plaster  drill  be  not  obtained,  the 
outlet  bos  should  be  traced  over 
with  a  pendl  and  the  piaster 
should  be  chiseled  around  this 
mark  with  a  H  inch  blade  screw 

Outlet  Boxea.— After   the 

plaster  has  been  removed,  the 
outlet  box  should  be  set  in,  so 
that  it  will  fit  snugly.  The  Code 
requires  that  the  lower  edg^  of 
all   outlet   boxes  should    not  be   set  back  in   plaster  any   farther  than 

The  box  should  be  fitted  to  the  hole  in  the  plaster,  and  the  lath  should 
then  be  marked  and  notched  out  with  a  jack  knife  to  allow  the  cable  to 
properly  pass  through  into  the  box. 
Securing  outlet  boxes  to  laths  is  not 
allowed  as  this  is  not  considered  as  a 
support,   and  in  time  loosens  up  the 

The  only  places  where  a  board  is 
not  required  is  where  an  outlet  happens 
to  be  located  on  a  beam,  joist  or  stud. 
Side  lights  can  be  located  on  upright 
studs  which  are  the  best  supports  to  be 
obtained,  but  it  is  not  always  possible  to 
locate  outlets  on  joists,  and  still  have 
the  outlet  in  the  center^  for  this  reason 
outletboardsshouldbeuistalled.  These 
should  be  very  carefully  installed  so  as 
not  to  mar  the  ceiling. 

Where  the  outlet  is  to  be  made  to 
existing  gas  pipe  outlets  combination 
boxes  should  be  used.  No  board  is  re- 
quired, except  that  the  box  be  securely 
fastened  to  the  gas  pipe. 


I  interion.    A  pocket  fl 

ntus  required  to  inapeet  the  intoior  of 
B  irall  or  p^itloa  which  would  ordi- 
lurily  be  ii ^'"       "      "  ' " 


liahed  wdtIe.  the  lamp  Bi 
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The  Code  requires  that  the  box;  should 
fit  snugly  around  the  plaster,  where 
the  plaster  is  broken,  it  should  be 
mended  with  plaster  of  paris. 

Obstructions  in  Partitiona. — 

In  the  older  houses  constructed 
when  builders  had  some  regard 
for  strength,  partitions  were  rein- 
forced with  cross  studs  so  that  it 
is  impossible  to  get  by  them. 


Pic.  7.S0S,— Bxplafaig  in  pcrtitiDii  tar 


petition  when  wim  mo  m 
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lOd  of  puuna  by  ct 
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Pigs.  7,310  to  7,214.— Methc-d^of 

Kaei  aloos  two  diagi 
cktheandil.a,  a, , 

the  plutei  in  the  «qiia«  thui  opened  _, 

Fuhin  the  cable  umSg.  7.3U.  rsplutcr  and  fold  b&ck  nail  paper, : 
wluan  ju»t  ptuteied. 


■tud  in  putition:  J,  br  inMitina 
;i  l.'by  boiinff  up.fnnn  «lUr  with 
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When  a  ^ipss'  stud  is  ioneount^red,  the  switch  outlet  may  be  located 
above  the  stud,  the  standard  height  being  54  inches  above  the  flqor. 

Before  attempting  to  drop  down  a  partition  it  should  first  be  ascertained 
whether  or  not  a  crosS'  stud  or  concrete ,  mineral  wool,  brick  or  rubbish 
filling,  is  in  the  partition.  A  hole  is  drilled- in  the  top  header  of  tl^  partition 
and  a  string  with  a  lead  weight  lowered  if  the  weight  reach  the  floor  (this 
can  be  ascertained  by  sotUK^  the  partition  is  dear. 

Cutting  Out  Wall  Case  or  Switch  Outlets.— This  is  a 

difficult  operation  and  itmst  be  performed  carefully. 

After  having  first- ascertain^  that  it  is  possible  to  drop  down  the  par* 
tition^  54t  inches  is  measured  up  from  the  floor,  the  plaster  is  punctured 
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.Figs.  7,217  to  7,222. — ^Method  of  catting  out  wall  case  outlet  as  described  in  the  aopoznpeiiying 
text. 


with  a  screw  driver,  if  the  screw  driver  go  between  the  lath,  another  hole 
should  be  punctured,  and  so  on  until  the  plaster  has  been  broken  away  and 
shows  a  whole  lath;  now  take  the  wall  case  and  center  the  lath  with  the 
center  of  the  wall  case,  with  a  pencil,  run  over  the  outer  edges  of  the  wall 
cases.  Now  with  a  hammer  and  screwdriver,  carefully  chisel  out  the  plaster 
on  the  pencil  lines .  After  the  plaster  has  been  removed ,  inth  a  fine  key  hole 
saw,  carefully  cut  away  the  tenter  whole  lath,  after  this  has  been  cut  away, 
the  other  lath  should  \ye  trimmed  with  a  sharp  jack  knife  so  that  the  box  fits 
snugly.  The  ears  of  the  box  should  be  adjusted  so  that  the  box  fits  just 
flush  with  the  finished  plaster.  ■  Now  screw  box  to  lath  with  Hi  inch  No.  d 
wood  screws,  any  larger  than  these  will  cra9k  the  lath. 
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Dropping  Wires  Down 
Outer  Walls. — First  a  hde 
should  be  bored  in  the  header 
and  the  mouse  lowered  vmtil  it 
readies  the  cellar,  or  hits  an 
obstnictioti. 

VsaaHy  obstructicna  are  encous-  j 
tered  fts  fire  stops  are  placed  at  eadi 
floor  to  prevent  the  endosed  spaa 
acttng  as  a  flue  in  case  ot  fin. 
ThcM  stops  usually  conast  ot  2  X  4 
GtiipB  or  bride.  To  reach  them  the 
basetjbard  must  be  removed.  Iliisis 
easily  pried  aS  with  a  floor  chisd, 
sometimes  it  is  aeccBary  to  set  in 
the  nails  with  a  nail  set.    If  wals 


—.r^.^ d  ouUt  wmlti  with  mo 

nnteiHl.     Thb  must  tn  cut  OT  botad  to  penmt  wina  ta  i 
rvins  th«  bau  board,  or  may  bo  bond  from  ftbon  with  a 


Fig,  7.23S. — Eiqiloring  belweea 


be  of  brick,  the  entire  distance 
from  attic  to  cellar  may  be  fished 
with  a  steel  fish  or  snate  wire,  as 
the  laths  are  attached  to  a  J^  strip 
which  is  nailed  to  the  brick. 

Fishlng.^This  is  a  method 
of  running  wires  through  walls, 
floors  and  ducts  by  the  aid  of 
another  wire  called  a  snake  or 
fish  wire  attached  to  the  con- 
ductors, threaded  and  drawn 
through  in  advance 


.7 .23i.*y Method  of  dropping  down  a 


in  that  hu  headBti,  kltoahowina  n 
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Snake  or  fish  wires  are  made  of  the  best  steel  and  tempered  in  oil.  All 
snakes  should  have  a  hook  bent  at  each  end,  and  to  do  this  the  wire  must 
first  be  annealed. 

The  proper  method  o£  annealing  is  to  hold  the  end  of  the  snake  in  the 
flame  of  a  torch  until  it  becomes  cheny  red,  then  biend  into  ^pe,  heat 
again  to  cherry  red  color  and  quickly  msert  the  heated  end  in  a  pail  of 
water;  this  hamens  the  wire,  sb  that  the  hook  will  not  pull  apart. 


Figs.  7,225  to  7,32S. — Method  of  making  a  snake.  Hold  wire  in  flame  till  cheny  red  (fig.  7,225) 
bend  to  shape  (fig.  7,226);  heat  agam  (fig.  7,227),  and  sahmerge  end  in  cold  water  while 
cherry  nd  (fig.  7,228). 

Snake  wire  may  be  obtained  in  various  shapes  but  the  type  best  adapted 
for  house  work  is  }^  inch  wide,  ^  inch  thick. 

The  proper  way  to  attach  the  wires  to  be  pulled  into  the  snake  is  to 
just  loop  them  tnrough  the  hook  of  the  snake  and  fold  them  over  with 
pliers. 

If  wires  are  to  be  pulled  through  a  long  run,  they  should  be  taped. 


OPEN    HOOK 


CLOSED  HOOK' 


\ 


P^GS.  7,220  and  7,280.— Open  and  dosed  snake  hooks.    The  t^ftn  ikioJk.is  usedsnhooldni 
one  snake  to  another.    7%«  ctossrf  hook  is  used  for  fishing. 


In  fishing  in  a  house  constructed  with  furring  shifts  between 
the  joists  and  ceilings  there  will  be  plenty  of  room  to  draw 
through  the  loom  or  cable. 
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Furring  strips  in  old  houses  having  single  floors  will  be  found  to  nm 
parallel  with  the  floor  boards. 

After  having  cut  the  outlet  as  just  described,  a  steel  wire  or  snake  is 
inserted  into  the  hole  so  that  it  may  be  pushed  into  the  space  made  by  the 
furring  strip,  having  inserted  the  end  of  the  snake,  it  is  gently  pushed  as 
far  as  desired;  if  the  snake  encounter  an  obstruction,  it  may  be  can^ 
agauist  a  piece  of  plaster  or  become  twisted. 

With  a  little  practice  a  snake  may  be  flshed  over  50  ft.  with  ease|  having 
reached  the  outlet,  another  snake  or  piece  of  wire  is  pushed  up  uito  the 
bole  at  the  outlet  and  the  snake  is  hooked,  and  then  gently  drawn  throueh 
the  outlet;  the  wires  are  then  attached  and  pulled  through.  If  a  man  oe 
at  eadi  end  oonsidentble  labor  will  be  saved. 


SNAKE-^ 


•itssM 


FRICTION  TAPE 
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jC 


p.  X   CABLE 


Fig.  7^1.— KCethod  of  taping  end  of  snake. 


FiG.  7,232.— Method  of  attaching  wires  to  snake  for  ptiUing. 


Fig.  7,233.— Fishing  from  outlet  to  outlet. 
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When  pulling  through  the  wires  it  is  also  necessary  that  some  one  be  at 
each  end  so  that  one  will  feed  the  wires  in  and  the  other  will  pull  them  out. 

.    The  wires  shotdd  be  gently  pulled  so  no  damage  will  be  done  to  the 
plastered  ceiling. 

If,  in  pulling  the  snake,  the  wires  get  stuck,  the  snake  and  the  wires 
should  be  p\ill^  back  and  forth  as  most  likely  the  wires  are  caught  against 
a  plaster  clinker.    This  operation  wiU  break  off  these  clinkers. 

Sometimes  a  whole  house  may  be  fished  without  taking  up  any  floprs, 


5^SE  &  FLOOR  bOAKO   REMOVED  50  HOLES 
CAN  tt  BORE   \H  HEADER.5. 
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Fig.  7,234. — Method  of  fishing  in  wires  without  removing  floors  or  base  board.  The  fi«h  of 
snake  wire  is  pushed  up  from  cellar  and  hooked  as  shown.  This  method  is  only  possible  when 
there  are  no  headers. 

Fig.  7,235. — Method  of  fishing  in  wires  through  headers. 

but  it  may  be  necessary  to  take  off  base  boards  and  flooring  to  drop  down 
to  the  meter  board  or  switch  outlets. 

Sometimes  it  is  necessary  to  use  two  snakes  on  long  runs  and  hook  them 
underneath  the  ceiling. 

In  this  case  the  ends  of  the  snakes  should  be  connected  to  a  bell  and 
battery  so  the  bell  will  ring  when  the  ends  touch  each  other. 


Taking  Up   Floor. — ^Various   kinds   of  flooring  are  to  be 
encountered  in  wiring  houses. 
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In  those  built  previous  to  1875  the  floor  boards  are  as  wide  as  10  to  12^ 
and  are  smoothed  edged,  unlike  the  present  day  type  of  board  -which  has 

a  tongue  and  groove.    This  type  of  flooring  is  very  simple  to  take  up. 

• 

If  when  cutting  the  outlets,  a  small  hole  be  bored  through  the  ceiling 
and  the  bit  pushed  up  till  it  comes  in  contact  with  the  flooring  of  the  room 
above,  and  this  flooring  be  also  bored,  it  will  show  where  to  take  tipthc 
flooring  to  install  the  wires  when  they  run  parallel  with  the  joists.  When 
the  wires  must  run  perpendicular  to  the  beams  all  the  flooring  must  be 
taken  up  sb  that  the  holes  can  be  bored  in  the  joists  through  whidi  the 
wires  must  pass. 

Floor  planks  are  properly  removed  by  driving  the  nails  down  with  a 
nail  set  and  lifting  up  the  board.    If  double  floors  be  encountered,  it  wiH 


STARTING   TEETH 


STARTING   CUT 
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FINISHING  TEETH 
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Figs.  7,236  and  7,237. — ^Ploor  saws.  Fig.  7,236  ordizLary  compass  saw.  It  should  be  about 
8  to  12  ins.  long,  very  thin  blade  and  tapered  to  ^  in.  at  the  end;  fig.  7,237.  ^>ecial  double 
edge  saw  for  finished  floors. 

Figs.  7,238  and  7,239. — Method  of  working  the  double  dge  saw.  Fig.  7>238,  startxos  the  cot 
with  back  edge;  fig.  7,239  finishing  cut  with  front  edge. 


be  found  very  difficult  as  double  floors  are  constructed  of  hard  wood  sudi 
as  oakj  or  maple,  and  must  be  handled  with  extreme  care  and  x>atienoe. 
For  this  type  of  floor,  the  tongue  is  split  by  inserting  a  carpenter's  floor 
scraping  l^de,  which  is  a  sheet  of  steel  about  4X6X^4^^.  These  can  be 
purcha^d  at  any  hardware  store  at  a  small  sum. 

The  scraper  should  be  hammered  down  so  that  the  tonque  is  split,  both 
sides  of  the  board  should  be  split,  so  that  no  difficulty  wiu  be  experie&oed 
when  lifting  up  the  board. 

After  both  sides  of  the  board  that  is  to  be  removed  has  been  treated 
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as  above,  a.  floor  chisel  should  be  inserted  where  the  ends  of  the  board 
meet  with  aaother  and  the  board  gcatly  raised. 
la  raising  the  board,  it  is  better  to  take  more  tima  and  proceed 


■■  JMthod  of  CHttioa  &  pocltBt  a 
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cautiously,  as  the  finest  floors  may  easily  be  ruined  by  having  one  boaid 
split,  chipped  or  marred. 

After  the  boards  have  been  removed,  they  should  be  numbered  or  marksd 
so  that  they  will  go  back  in  place  without  any  confusion.  They  should 
be  placed  away  in  a  safe  place  imtil  ready  to  lay  back  the  floor. 

Holes  for  wires  should  be  bored  in  the  center  of  the  joists  so  that  when 
laying  back  the  flooring,  the  nails  will  not  penetrate  the  metal  sheath 
and  &ort  circuit  or  ground  the  wires. 

Gutting  Pockets. — ^The  center  of  each  pocket  is  indicated 


COVEI?  SUPP0RTS-lx2» 


Pig.  7,243. — View  of  outlet  i>oclcet  showing  base  board,  and  cover  supports  in  position. 


by  the  small  hole  which  was  bored  in  through  the  flooring 
when  cutting  the  ceiling  outlets. 

In  opening  a  pocket  J^  in.  holes  are  bored  to  insert  a  keyhole  saw  through 
the  joint  between  two  boards  at  each  end  of  the  pocket,  and  as  near  the 
beams  as  possible,  then  the  board  is<mt  at  an  angle  as  indicated  in  fig.  7,242. 

Next  saw  the  tongue  of  the.  matched  board  on  each  side  of  the  pick 
and  pry  up  the  boards  with  a  chis^  as  shown.  Having  taken  up  the  boeurds, 
nail  a  cleat  on  the  side  of  each  joist  as  in  fig.  7,243  so  that  when  the  floor 
is  laid  back  there  wiU  be  a  gpod  support. 

A  baseboard  is  next  installed  as  in  fig.  7,243  to  give  a  secure  hold  for  the 
screws  used  in  fastening  the  fixtures.  Two  holes  are  then  bored  diag- 
onally with  a  1^  inch  bit  inserting  the  bit  in  the  small  hole  bored  in  the 
ceiling  as  in  fig.  7,242..  The  outlet  wires  are  then  tied^  around  the  knobs 
and  the  upper  ends  being  bared  and  tapped  on  to  the  main  wire.    A  piece  of 
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Replacing  Floors  and  Trim. — In  replacing  floors,  small 
finishing  nails  should  be  used;  these  are  inconspicuous  and  will 
not  split  the  wood  when  being  driven. 

When  replacing  base  boards  and  other  fitiished  trim  that  has  been  pried 
POCKET  COVER 


*i<i.  7»244, — ViB^  of  completed  pocket  and  ceiling  outlet  showing  method  of  brinBiiis  out 

ofE  do  not  attempt  to  drive  back,  the  nails,  but  cut  them  off  with  cutting 
pliers,  as  driving  the  nails  back  will  knock  off  large  chips  from  the  trim. 
After  the  nails  have  been  cut  ofE,  the  head  of  the  nail  should  be  set  in 
with  a  nail  set  and  a  new  nail  driven  in  the  same  hole. 
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Installii^  Flush  Sfiitches  and  Receptacles  in  Wall  Gases* 

— Care  should  be  taken  that  the  switch  fits  flush  with  the  edge 
.of  the  plaster. 

In  order  for  the  switch  to  fit  flush,  the  case  should  fit  flush,  otherwise 
it  will  be  necessary  to  insert  small  washers  under  the  switch  ears. 

Switdi  plates  will  not  fit  properly  unless  the  smtch  be  flush;  if  the  switdi 
t>e  not  flush,  the  plate  will  buckle  and  bend  in  the  center. 


! 


Fig.  7,846.— Two  {unlly  "house  meter  board  arrangemeB* 
note  nwthod  of  eervicrpipeiaid  meter  loop  arrangement 


4fcwiii|piiF— 1  -OoBsecticti'ts 


Perfect  fitting  switch  plates  give  an  artistic  and  workmanlike  appear- 
ance to  any  installation. 


Meter  Boards. — ^A  meter  board  should  be  constructed  of 
seven-eighths  inch  soft  wood  (pine)  of  suflBdent  size  to  accommo* 
date  the  meter  and  cut-out  boxes. 
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Secure  the  board  against  Vtie  foundation  wall  o(  the  building.     Paint 
bcwrd  two  (Mats  of  blade  asphaltum  or  other  insulating  paint. 


The  main  switch  is  mounted  on  the  left  side  of  the  board. 


Do  not  place  a -Meter  board  any  h^er  than  7  ft.,  or  lower  than  4fj  ft. 

Service  Gonnectlcau. — ^This  includes  the  wiring  from  the 
street  supply  to  the  meter  board. 


Fica._7^7  to  7,3S?. — Wiriof  airaiiCEments  for  coDttalUns  lamps  from  tm.  three,  or  mc 

poiot  at  control,  ming  a-w«T  mai  *-w»7  swilchw;  *,  sundard  cmuit  for  twoTioinl  of  cc 
trol,twin84-WAr  ■witcheaiditemdof  3-war  mrlcbei;  4,  stvidard  Myntem  ford  pomtaof  cc 
trriu«iiiB4-w»»iwitchMthnHiAou(i<.CiirJ*riyjlEia  tor  two  point  eonlrdi»,CaM«riy«« 
for  control  at  ait*  poiott;  1,  CarUr  syMem  **■  control  at  two  pointa  asaif  4mr  inite 
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Tie.  r.2fl8.— Method  of  intUIUng  iwltdi  inboxiBUdMarcdeai!  whei 

cloia  cover  of  boi. 
Via.  T.25S.— Method  at  boahb 

pcnut  lo  porcelain  bushings. 


_  _t  a  iourlh  point,  .-, , .— 

nutter  coDtiol  at  a  fourth  paint;  II,  another  UTansement  for  DuW-point  control  nith 
addiuoiMd  muter  nritch  paJthm. 
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The  wires  outside  should  be  run  only  in  galvanized  conduit,  althou(^  the 
black  enamelled  form  b  approved. 

The  service  pipe  should  be  run  up  the  side  of  the  building  iriiere  directed 
by  the  local  lighting  company. 

pipe 


In  case  it  be  impossible 
to  place  this  at  point  of 
en^nce,  a  cut  out  can 
be  placed  there  and  sub- 
mains  ntn  to  the  meter 
boaid. 

All  Biritcbes  and  cut 
outs  must  be  mounted  in 
iron  boxes  with  a  hinged 
cover  deep  enough  to 
cover  the  switch  and  cut 
out  and  larpe  enough  so 
that  a  smtcn  can  be  open- 
ed or  closed  in  the  box. 
Also  wide  enough  to  allow 
a  space  around  the  switch 
or  cut  out. 


Fio.  7.260.— InMallins 


boi  In  bii»  boacd. 
IBB  B^tet  leoiDving  suitable  k 


Switches  for  Lighting  Installations. — Plug  fuse  switches 
are  only  approved  for  use  on  voltages  up  to  125  volts  and  to 
stand  a  load  of  30  amperes. 


could  probably  be  used  (note  types  of  s 
central  Gtations). 


1\ 
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These  are  deagned  for  pressures  up  to  600  volts. 

Cut  out  boxes  usually  have  K  in.  knockouts;  if  a  larger  size  conduit 
be  used,  these  knock  oats  must  be  enlarged  hy  reaming  unless  boxes  with 
larger  size  knockouts  be  obtained.  The  conduit  is  secured  to  the  box 
by  two  lotiknuts  and  a  bushii^. 

Wires  leaving  the  cut  out  box  should  pass  through  porcdain  insulatont 
or  bushings. 

the  box  should  be  secured  to  the  board  by  means  of  %'  wood  screws. 

The  switch  or  cut  out 
should  be  secured  in  the  box 
by  means  of  holes  drilled  or 
punched  through  the  box, 
wood  screws  passing  through 
the  cut  out  box  and  screwed 
into  the  wood  meter  board 
will  securely  hold  any  cutout 
or  switch. 

Installation  of  Knife 
Switches.— When  in- 
stalled in  a  vertical  posi- 
tion, the  switch  should  be 
so  placed  that  gravity  will 
tend  to  open  it. 

Where  a  three  wire  switch 
is  used,  the  middle  or  neutral 
fuse  clip  must  be  made  s^id. 

Pk.  T.M1,— R^hl  and    ■ 


Drop  Cords. — According  to  the  Cod^,  only  reinforced  cord 
not  smaller  than  No.  18  can  be  used  for  drop  cord  purposes  and 
must  be  used  without  adjusters. 
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Only  ^  sockets  may  be  used  equipped  with  a  porcelain  bush- 
ing, or  sockets  with  pendant  caps,  or  all  porcelain  sockets  must 
be  used. 

Hard  rubber  or  composition  bushu^s  are  not  allowed. 

Where  the  wires  enter  a  socket,  rosette,  or  an  outlet  box, 
they  should  be  relieved  of  any  strain  by  making  an  Underwriter' s 
knot  so  that  the  weight  of  the  socket,  shade  and  lamp  will  not 
be  on  the  joint 


itWN 

1IN& 


Ac.  7,202. — Oiop  cord  fixture  leBTiDg  sndact  ontlet  box  cover.    A  porcelain  bmhinc  muit 
be  luad  wiCh  all  mcttl  coven. 

Pic.  7JMI3. — Fixture  Mud  for  iitiiporting  fixture*  la  outlet  boiu. 

Square  or   granny  knots  are  not  approved,  sockets  may  be 
obtained  with  strain  relief  devices  attached. 

Stripping  Drop  Cord. — Witli  a  sharp  knife  cut  arouad  the  outer  braid 
just  deep  enough  to  cut  the  braid  and  re-enforced  rubber  covering.  Then 
cut  a  Slit  parallel  with  the  cord  just  deep  enough  to  cut  only  the  outer 
braid.  Remove  outer  braid  and  with  each  hand  pull  on  each  wire  and  re- 
enforced  rubber  braid  will  fall  away.  About  2  ins.  is  sufficient  for  sockets, 
and  rosettes;  6  ins.  to  be  allowed  where  the  cord  is  to  be  spliced  to  other 
wires  such  as  in  outlet  boxes,  etc. 

Vaea  of  Drop  Card. — For  inside  of  residences,  re-enforced  cotton  cord 
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Pot  show  windows  B,  X.  drop  cord  must  be  used. 
Clusters  of  more  than  one  light  must  not  be  attached  U 


Fixturm  Wiring. — Chain  fixtures  must  be  wired  with  flexible  cord 
preferably  single  conductors  so  that  each  one  may  be  laced  throi^[h  each 
link  of  the  fixture  chain. 

Chain  fixtures  are  suitable  for  show  windows. 

a  that  loop?  may  be 


Fig.  T.2T4. — AuitiD  conduh  pluES  1 
din,  plaiter,  concreM,  etc.    Tbei 


■■te  plugs  an  especUUr  needed  ia  pound  « 


L 


Pendants  or  fixtures  that  aie  constructed  of  tubing  must  be  wired  with 
soUd  fixture  wire. 

Combination  fixtures  that  are  attached  to  gas  pipes  must  be  eqnhmed 
with  insulating  joints  so  that  the  fixture  will  be  penectly  insulated  and  free 
from  grounds,  likewise  must  all  fixtures  that  are  attadied  to  metal  outlet 
boxes  of  B .  X,  and  conduit  wiring  or  knob  and  tube  wiring  where  the  fiztua 
-"  *-  be  secured  to  a  gas  pipe. 
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Fusing  of  House  Circuits. — ^Por  lighting  circuits  no  fuse 
larger  than  10  amperes  may  be  used  except  with  special  permission 
from  the  local  inspector  or  where  all  the  lights  are  controlled  by 
one  switch;  also  no  lighting  circuit  should  have  a  load  in  access 
of  660  watts  except  in  factories  where  all  the  lights  are  connected 
with  porcelain  sockets  and  a  wire  not  smaller  than  a  NO.  14 
is  used,  but  in  holies  the  660  watt  rule  must  prevail. 

Thus  on  a  110  volt  system  it  is  best  to  figure  7  unperes  per  drcuit. 

Pot  eadi  circuit  a  cut  out  must  b«  provided.    These  cut  outs  must  be 


Btrongly  nufloetized  file  b  placfid 


Pic.  7Xre.— MMhod  U  fiihmtt 
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installed  in  metal  caUnet  or  bcaes  and  prefarab^  ^mounted  ^moAy'.oa. 
the  meter  board.  Cut  out  boxes  should  not  be  mounted  any  h^her  than 
7  ft.  from  the  floor  and  no  lower  than  i\^  ft. 

If  the  cut  outa  be  grouped  in  one  box,  all  over  4  circuits  must  have  a 
box  with  a  gutter  around  it  unless  a  box  be  made  bo.  that,  the  wires  enter 
opposite  the  cut  out  terminals. 

The  vae  of  wat«r  or  gas  pipe  fittings  on  services  are  prohibited. 


Piia.  7,277  to  J-^*'— Method  of  .uong  WmI^  fish  bit.    Aft«  honnjt 


bit  briiigiag  with  it 


Fustaft  Table 

Load  (amperes) 

1 

3 

6 

10 

16 

20 

2S 

30 

Fuse  (amperes) 

3 

6 

10 

15 

20 

25 

30 

35 

Types   of   Fuses.^ — Plug 

fuses  are  largely  used  for 
loads  up  to  30  amperes  at 
presstires  up  to  125  volts. 

Cartridge  fuses  are  used  up  to 
I  l.OOOamperesand  up  to  100,000 
!        volts.    Drop  cord  rosettes  used 

in  mills  are  fused  with  fuse  wire 
;         or  lipW  which  screw  under  the 

tenndnals  on  the  rosette.    The 

largest  size  fuse  w 


Fig.  7,280. — Method  of  eiploiing  bi 
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i,  etc.,  Ehould  be  fused 
3  amperes. 

Three  and  Four  Way  Switches. — These  are  used  for  con- 
trolling one  or  more  lights  from  two  or  more  points. 

Wiring  dU|;raina  for  different  types  oT  switches  are  shown  in  the  ac- 
companying cuts.  Three  way  switches  are  always  installed  with  hall 
lights.  Three  wire  cable  should  always  be  used,  as,  if  one  wire  be  used 
in  a  cable,  it  will  heat  up  due  to  the  inductive  effect  of  the  grounded  cable. 
This  is  an  important  matter  and  should  not  be  overlooked. 

Three  way  switches  are  similar  to  3  point  return  call  bell  push  buttons. 


Plc.T.ZSl.^AustintemptnditeBlSihtap*.    ntemodacf  flat  temperad  sprlnB  win.    The 

flat  ihape  icndi  to  iu  fl«iibil>tr  which  ii  neceuary  for  Ions  ninsof  mnduiC  having  hvctbI 
bendi.  The  IcoipeiJiiE  pnvMt*  the  Upa  cuiUog  aft«T  loaa  me.  '(  commm  in  linsthi, 
multipluaf  29f«t. 

One  side  of  the  circuit  is  in  contact  all  the  time,  the  mechanism  of  the 
switches  serving  also  as  a  reversing  switch.  The  two  wires  connected  be- 
tween each  switch     are  called  the  travelers. 

Four  way  switches  are  used  where  mote  than  two  3  way  switches  are 
required,  4  way  switches  operate  the  same  as  3  ways,  but  are  connected 
dinerenUy,  the  4  ways  being  placed  in  the  traveler  wires;  any  number 
of  4  way  switches  may  be  installed  with  a  set  of  3  way  switches. 

In  connecting  up  4  ways  care  should  be  taken  that  one  wire  of  the  trav- 
elers is  reversed  to  the  switch,  otherwise  the  switches  will  not  operate. 


in  Hicteyi.  Fig.  7.2S2,  adjuiCBble;  fig.  7,283,  "Indl  dos"  nna.ikid; 


WIRING  FINISHED  BUILDINGS 


Wiping  Joints. — Large  splices  can  best  be  soldered  if  the  scdder  be  first 
roughly  applied  with  a  good  gasoline  torch.  Then  a  moleskin  or  canvas 
joint  wiping  pad  is  quicl^  run  around  the  joint  so  that  it  will  be  smooth. 
By  melting  a  little  paraffin  wa%  on  the  ioint,  it  will  appear  smooth  and 

Surplus  solder  should  be  removed,  when  soldering  large  joints,  a  metal 
drip  pan  to  catch  the  dripping  should  be  placed  undemeatli  the  jcnnts  so 
that  the  drippings  can  be  caught  and  melted  over  again. 

Tcvting, — The  Code  states  that  the  same  form  of  insulation  must  be 
placed  on  joints  as  removed.  Thus  if  rubber  covered  wire  be  used,  rubber 
tape  must  be  put  over  the  joint  and  this  covered  with  friction  tape.  In 
taping  at  least  three  layers  of  each  kind  of  insulation  must  be  wound 
tightly  over  the  splice. 


[1 


On  lar^e  size  cables  and  wires,  after  the  wires  have  been  taped  it  is  sug- 
gested that  all  joints  should  be  painted  over  with  two  coats  of  insulating 
paint  or  black  asphaltum  especially  ^ere  the  joints  are  exposed  to  the 
weather. 

Wire  and  Cable  Splicing. — In  splicing  a  cable  tha  insulation 
must  first  be  removed .  To  do  this  a  sharp  knife  is  necessary ,  as  it 
is  impossible  to  hold  an  edge  on  a  knife  it  is  suggested  that  a 
knife  having  extra  hard  steel  be  used  so  that  it  will  hold  its  edge 
longer  than  the  inferior  type,  old  files,  ground  down  to  an  edge 
and  fitted  with  a  suitable  handle,  make  very  excellent  knives. 
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Removing  Insulation. — ^First,  mark  off  the  desired  amount  of  insulation 
that  is  to  be  removed  and  with  a  sharp  knife  cut  all  around  the  insulation 
just  deep  enough  so  that  it  barely  touches  the  metal  of  the  wire,  then  hold 
the  joint  of  the  knife  parallel  with  the  wire  and  cut  a  lon^  gash  into  the 
insulation  as  deep  as  the  blade  will  enter.  With  a  pair  of  pliers  i)ull  off  the 
insulation  and  it  will  be  found  that  the  insulation  will  come  off  easily  leaving 
the  wire  clean  and  bare.  If  the  insulation  be  removed  as  with  solid  wire, 
it  will  be  found  that  the  insulation  will  stick  to  the  wire  and  will  be  very- 
difficult  to  remote.  Note  flexible  re-enforced  drop  cord  insulation  should  be 
removed  in  the  same  fashion  as  stranded  wire. 

The  insulation  of  stranded  cable  should  be  removed  in  the  same  fashion 


wwuvuw 


mmmMMsmsm 


Figs.  7.287  to  7»28d. — Splicing,  Fi|(s.  7,287  and  7^288,  making  a  wire  splice,  and  the  twist 
completed;  fij^.  7.289,  a  wrapped  jomt  on  laige  wire.  The  joint  should  be  carefully  tinned 
and  soldered  m  order  to  give  good  electrical  contact  and  to  avoid  corrosion  along  the 
contact  surface.  Where  wires  are  too  large  to  be  twisted  together,  the  ends  are  given  a 
short  bend^and  the  two  wires  wrapped  firmly  together  with  a  smaller  bare  copper  wire,  after 
which  the  joint  is  thoroughly  tinned  and  soldered^  preferably  by  pouring  hot  solder  over  the 
joint.  The  joint  is  then  insulated  by  wrapping  it  ^with  two  layers  of  pure  rubber,  and 
three  layers  of  tape,  sufficient  to  maJce  the  insulation  thickness  equal  to  that  of  the  wire, 
after  which  the  whole  joint  should  be  painted  with  water  proof  paint. 

as  stranded  wire.    Use  a  hack  saw  to  cut  arotmd  the  wire  and  a  large 
hunting  knife  or  razor  to  cut  the  insulation. 

Splicing. — ^The  Western  Union  type  of  joint  is  used  for  making  running 
splices  such  as  are  used  for  continuing  a  run  of  wire  Figs .  7 ,290  and  7 ,29 1 , 
show  the  method  of  making  the  joint,  and  fig.  7,292,  a  tee  or  branch  tap 
joint. 

Pig  Tail  Splice. — ^This  splice  is  used  for  making  splices  in  junction 
boxes,  fixture  outlets,  and  all  other  places  where  a  number  of  wires  ter- 
minate. 

The  insulation  is  removed  on  all  the  wires,  the  same  amount  of  insulation 
being  removed  from  each  wire  so  that  the  wires  all  come  out  evenly  skinned. 
Bunch  them  all  together  and  with  a  long  pair  of  pliers  twist  them  all  together 
either  to  the  right  or  left,  keep  twisting  them  imtil  they  are  all  tight,  with 
the  cutting  edge  of  the  pliers,  trim  off  the  ends  so  that  there  are  no  sharp 
points. 
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Soldering. — Small  size  solid  and  stranded  wires  can  be  sol- 
dered with  the  heat  of  alcohol  torch  although  a  gasoline  torch 
gives  better  results. 

In  order  that  the  solder  will  properly  stick,  it  is  essential  that  the  wire 


Pigs.  7,200  and  7,291 . — ^Western  Union  joint;  Jn  »plMng  ends  of  the  wire  both  being  pfop- 
erly  cleaned,  are  twisted  togfetherin  opposite  directions,  as  in  fig.  7,290,  then  take  one  end 
and  wind  it  around  4  or  5  times  around  the  bare  surface  of  the  other  wir^,  treat  the  o^ier 
end  in  the  same  manner,  use  pliers  in  pulling  the  wire  around  the  tum^,  otherwise  they 
will  not  be  tight,  be  sure  that  the  ends  of  the  splice  terminate  at  the  insulation,  do  not  make 
the  joints  too  long  or  too  short,  4  or  5  times  on  each  end,  as  in  fig.  7,291 ,  is  sufficient. 


Fig.  7.292. — ^Tee  or  branch  taji  joint.  ^  This  joint  is  used  in  junction  boxes.  The  splice  is 
made  the  same  as  the  running  butt  splice  only  all  the  wires  are  wound  around  the  same  wire. 
In  splicing,  the  wire  to  be  tapped  is  skinned  so  that  just  enough  insulation  is  remcred  so 
that  the  proper  number  of  turns  ma/  be  wound  around  it.  Hold  the  new  wire  that  is  to  be 
tapped  parallel  with  the  wire  that  is  alread>r  installed,  and  with  a  nair  of  pliexrs  wind  the 
wire  around  4  or  5  times  and  clinch  end  of  wire  so  it  will  not  protrude. 


should  be  thoroughly  cleaned.  Having  cleaned  the  wires  they  should  be 
coated  with  a  thin  film  of  a  non-corroding  soldering  paste;  this  is  to  further 
remove  the  dirt  and  oxidization  that  is  on  the  wire;  unless  soldering  paste 
be  used,  the  solder  will  not  stick  to  the  joint,  apply  the  heat  and  do  not 
apply  the  solder  xmtil  the  soldering  paste  on  the  joint  bq^ms  to  bubble, 
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then  apply  a  little  solder  tmtU  the  solder  runs,  turn  the  wire  all  around  so 
that  the  solder  runs  all  around  the  joint.    Allow  joint  to  cool. 

Joints  also  may  be  dipped  in  a  pot  of  solder,  provided  they  are  covered 
with  paste  before  dipping. 

Remember  that  the  metal  to  be  soldered  must  be  as  hot  as  the  solder 
and  vice  versa. 
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Fig.  7.203. — ^TTf^ring  for  htoA  appliances;  ]>lan  of  first  floor.  The  location  of  the  outlets  Is  of 
importance.  Usually  a  fltush  receptacle  in  the  base  boan^  meets  the  requirements.  Where 
several  heating  circiuts  are^ttsed  it  is  essential  that  an  appliance  taking;  a  large  curxent  be  not 
placed  on  the  regular  lighting  circuit.  To  guard  against  this  possibility,  special  receptacles 
should  be  installed,  constructed  lor  plugs  which  wiU  not  fit  any  otiier  receptacle. 


NOTES 


NOTE. — Sewer  catch  basin  covers  and  street  manhole  covers  may  be  used  as  a  bending 
device,  the  p^  being  inserted  through  the  holes  in  the  covers,  and  weight  bom  down  on  pipe. 

NOTE. — To  prwent  terminal  iugs  beeominff  dirty  and  covered  with  solder  they 
should  be  covered  with  laundry  soap  before  applying  heat  of  torch. 
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notch  be  liled  all  around  the  outer  mrfue 


NOTE.— An 

on  tne  floar  whilf 

NOTE- 

well. 

NOTE.- 


tld  umbrtlla  inverted  and  huDff 
pRvest  din  and  plaster  fatUos 
:uCtiog  out  around  gai  tape*. 


and  above  joint  to  bo  aokiered;  itiee 

NOTE.— By  cutting  off  the  h 
penny  nail  and  ineertinji  nail  in  a  bn 
used  aa  a  wood  drill  through  any 


HOVE.—Lacklnt  lertw  that  aork  toOM 

such  19  Da  fani,  and  moton  may  be  locked  in  iilace 
if  chiael  marls  be  made  oppoeite  the  ilota- 

NOTE.— Mies  nwAon  may  bcobtaiited  {nnn 
old  burnt  out  fuse  plugi,  lor  repairing  electric  innu 
and  appliancea- 


whb  a  hack  uw. 

NOTE.— MrcaEofn  tubu  may  be  cut  off  if 
tbej'  be  scratched  with  a  file  and  heated  in  a  flame, 
a  tharp  blow  at  joint  of  scratch,  when  coaled  will 
bnalc  off  part  ikot  detired. 


difScult,  <: 

oDpullch 

any  bead,  attach  w: 


NpTE.^Plaster  o(  Pari*  n 


Plaster  surfaces  may  be  amoothed  aS  with  a  bruili 


with  the  plaater. 
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NOTE. — Stillson  wrench  jaws  that  do  not  grip  can  be  made  like  new  by  filing  out  the  jaws 
'with  a  three  cornered  file. 

NOTE. — ^A  brick  drill  may  be  easily  made  from  any  piece  of  scrap  water  pipe  by  cuttini^ 
a  number  of  knotches  on  the  end;  use  a  hack  saw  and  a  three  cornered  file. 

NOTE. — Wood  hit9  may  be  sharpened  with  a  fine  manicuring  file,  never  file  the  outer 
surface  of  a  bit  as  it  makes  the  cutters  smaller  and  will  be  more  difficidt  to  turn  bit  through 
hole,  as  twist  of  bit  is  larger. 

NOTE. — Vinegar  (white)  may  be  used  as  a  substitute  soldering  flux,  so  may  bicarbonate 
of  soda  or  borax. 

NOTE. — Stripped  tkreadt  on  screws  or  bolts  may  be  replaced  by  fiUisg  in  worn  and 
strijpped  threads  with  hard  solder  and  rethreading. 

NOTE.— I>r/c^nir  a  nail  in  brick  walls.  If  it  do  not  hold,  another  nail  should  be 
driven  diagonally  across  the  nail  so, that  it  will  cross  and  bind  the  nail,  this  method  is  very 
effective  and  secxxre. 

NOTE. — A  20  penny  nail  makes  a  jglood  substitute  for  a  prick  ptmch  for  punching  holes 
in  cut  out  boxes.    Nails  edso  may  be  used  as  nail  sets. 

NOTE. — A  good  meter  board  paint  may  be  made  from  dissolving  lamp  black  in  gasoline. 
This  also  makes  a  good  motq^r  paint. 

NOTE. — Cutting,  line  shafting.  To  cut  off  a  section  of  line  shafting,,a  hack  saw  should 
be  held  on  the  place  to  be  cut  and  the  shaft  should  be  run  by  i)ower.  this  will  cut  off  the  shaft 
smoothly  and  quicMy. 

NOTE.—^ld  broom  sticks  cut  up  into  pieces  4  inches  long  are  good  plugs  for  concrete 
-walls  to  fasten  outlet  boxes  and  pipe,  etc. 

NOTE. — Knife  eharpener.  A  common  porcelain  tube  may  be  used  for  the  frequent 
shari>enirg  of  a  knife  blade  dulled  by  scraping  msulation  and  wires. 
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CHAPTER  111 


Outside  Wiring 


Materials  for  Outside  Conductors. — Copper  wire  is  now 
considered  to  be  the  most  suitable  material  not  only  for  the 
transmission  of  current  for  electric  light  and  power  purposes, 
but  also  for  telegraph  and  telephone  lines,  in  place  of  the  iron 
wire  formerly  employed. 

Tensile  Strength  of  Copper  Wire 


Size  of  wire 
B.  &  S.  gauge 


Tensile 
strength,  lbs. 


0000 
000 
00 
0 
I 
2 
3 
4 
5 
6 
7 
S 


9971 
7907 
6271 
4973 
3943 
3127 
2480 
1967 
1559 
1237 
980 
778 


Size  of  wire 
B.  &  S.  gauge 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Tensile 
strength,  lbs. 


617 

489 

388 

307 

244 

193 

153 

133 

97 

77 

61 

48 


Hard  drawn  copper  wire  is  used  in  outside  construction,  because  its 
tensile  strength  ranges  from  60,000  to  70,000  pounds  or  about  twice  that 
of  soft  copper.  This  is  desirable  to  withstand  the  stresses  to  which  the  wire 
is  subjected  which,  in  the  case  of  long  spanSj  are  considerable 

Pole  Lines. — ^Various  species  of  northern  pine,  cedar  and 
cypress,  because  of  their  size  and  straightness,  are  suitable  for 
large  poles. 
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square.  In  very  soft  ground  the  employment  of  a  concrete  setting  is 
sometimes  impracticable.  In  such  cases  piles  are  driven  deep  into  the 
soU,  and  the  pole  bolted  to  the  part  of  the  pile  extending  above  the  ground. 

Reinforced  Concrete  Poles. — Untreated  wooden  *  poles 
must  be  replaced  by  new  poles  about  every  six  years  whereas 
reinforced  concrete  poles  will  last  indefinitely. 

One  form  of  reinforced  concrete  pole  consists  of  a  skeleton  frame  work 


Figs.  7.307  to  7,300. — Glass  insulator  and  insulator  pin  and  bracket.  The  insulator  here  shown 
is  of  the  pony  double  petticoat  type.  ■  Insulator  pins  are  used  with  cross  arms,  brackets  are 
attached  direct  to  the  pole. 

of  four  corrugated  iron  rods  covered  with  ordinary  concrete.  The  pole 
is  octagon^  in  shape,  30  feet  long,  and  provided  with  mortises  for  cross 
arms,  the  latter  being  fastened  in  place  by  means  of  iron  bolts.  It  is 
stated  that  they  are  less  expensive  than  pine  poles,  and  that  each  pole 
can  be  manufactured  at  the  point  on  the  Ime  at  wludi  it  is  to  be  installed 
or  planted. 


Pig.  7,310. — Cross  arm  which  carries  the  insulator  pins.  The  standard  cross  arm  is  3M  X4K 
inches,  double  painted,  and  bored  for  \%  inch  pms  and  two  H  inch  bolt  holes.  Tdcphone 
arms  are  2%  YMi  inch,  bored  for  1^  inch  pins  and  two  H  inch  bolts. 


Gross  Arms. — ^These  are  usually  attached  to  the  poles  before 
they  are  erected. 

They  are  commonly  made  from  yellow  i)ine  wood,  generally  3JiX4Ji 
inches,  and  are  freely  coated  with  good  mineral  jpaint  as  a  preservative. 
Attachment  is  made  to  the  pole  by  cutting  a  ga%n  one  inch  deep  and  of 
sufficient  breadth  to  allow  the  longest  side  of  the  cross  arm  to  fit  accu- 
rately. It  is  then  secured  in  place  by  a  lag  screw,  with  a  square  head, 
so  that  it  may  be  driven  into  place  with  a  wrench.  The  cross  arm  is  further 
secured  to  the  pole  by  galvanized  JiXl)^  flat  iron  braces. 
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The  cross  anns  are  bored  with  holes  for  the  insertion  of  the  insulator 
pins,  which  are  made  of  locust  wood  and  threaded  at  the  upper  end  to  re- 
ceive the  glass  insulator. 

The  cross  arm  is  niade  of  such  a  length  as 
modate  the  number  of  pins  to  be  inserted.    An  a    _ 
for  two  pins  is  made  three  feet  long,  according  to  the 
standard  usually  followed,  with  holes  for  the  pins  at 
center  points  three  inches  from  either  md  ai  * 
(^  2S  inches  between  them  in  the  center. 


> 


< 


?io.  7.31S. — Guy  audior  lot  in  pontioii. 

F1C.7.3IA.— Stomteucbsoraiicbar.   Itiimadcof cutirenuidcuilRKnwediDtothesnniiid 
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Spacing  the  Poles. — This  is  governed  by  the  weight'  of  the 
lines  the  poles  must  carry,  the  heavier  the  lines,  the  greater 
the  number  of  poles. 


Ig  fUtened  to  tha  top 


The  Bpaciag  of  poles  also  depends  on  their  liability  to  injury  from  stomia 
and  wind  in  any  given  locality,  and  the  nature  of  the  service.  Poles  for  a 
telephone  line  may  be  spaced  twenty  to  fifty  to  the  mile — that  is,  from 
about  260  to  100  feet  apart. 

Erecting  the  Poles. — The  holes  must  be  dug  to  as  nearly  the 

required  depth  as  possible."        .  ■ 

Holes  for  poles  are  dug  very  littk  wider  than  their  diameter,  at  the  butt, 
and  the  depth  is  usually  computed  according  to  the  nature  of  the  soil 
and  the  weight  of  the  proposed  line.  Excavation,  while ionietimes  accom- 
plished with'patent  post  hole  augers,  or  even  dynamite,  ia  usually  done 
with  a- long  l^ndled  digging  shovel,  and  the  earth  removed , with  a  spoon 
shovel. 

polea  are  rolled  or  carried  on  hooka  to  the  holes.     In  erecting,  a 
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IS  ■loim"for  stnteUagirite  M)d  boldiiis  u 
Pio.  7,326.— Wiieman'B  "coma  ■long'!  villi  book  and  tacldi. 

TroOtw  irtrw.— National  Electrical  Code. 

12->.— Must  not  be  smaller  than  No.  O.  B.  &  S.  Bauge  copper  or  No.  4  B.ft  S.  gai 
8iUconbnm2e,andniafltreadTl7Stand  the  tlrain  put  upon  them  when  in  use. 

12-^'. — Must  have  a  double  infiulation  from  tbe  annind.    In  wooden  polo 
pole  will  be  con^der^  aS  one  inaulatic 

"•  ■■      "— -  ' pable  o£  being 


.12-*.— M- 


and  not  interfen 
>e  safely  protected  a; 


■ith  tl 


'ork  of  the  fii 


plant  or  of  being  divided  into 
uit  may  be  shut  aS  from  tlie 
en.    Tliil  rule  also  kppliea  to 
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When  one  line  only  is  to  be  strung,  the  operation  consists  simply  in 
reeling  the  wire  and  running  it  off  from  a  hand  reel.  At  each  pole  the 
wire  is  drawn  t^  to  its  place,  pulled  out  to  the  desired  tension,  and  at- 
tached to  the  insulator. 

l^i  the  operation  of  stringing  a  ntunber  of  lines  at  once,  the  method  is 
different.    The  reels  are  plac^  at  the  beginning  of  a  section,  each  wire 
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Figs.  7327  to  7,330. — ^Methods  of  tymg  in  wires  to  insulators.  A  separate  wire  i»^x^'lot  tying 
in  the  wire  to  the  insulator.  This  is  called  ft  tie  wire  it  should  be  about  18  to  24  ins.  long, 
muit  be  of  hard  drawn  wire^  and  of  the  same  size  wire  as  the  line  wire.  ^  The  wire  is  twisted 
around  the  main  wire,  as  in  ng. 7,327,  but  it  is  more  difficult  to  make  the  tie  in  than  it  appears- 
A  tight  tie  in  can  not  be  made  by  hand,  pliers  must  be  used.  First  the  tie  wire  is  looped 
around  the  insulator,  one  end  of  the  wire  over  and  the  other  end  under  the  main  wire,  as 
in  fig.  7,327,  separately  each  end  is  wound  around  the  line  wire  with  pliers,  five  turns  or 
more,  so  that  the  strain  will  be  both  ways. 


FxG.  7,331. -7-American  wire^oint.  This  is  a  simple  method  of  connecting  the  ends  of  the  sec- 
tions of  wire  by  tightly  twisting  the  ends  around  each  other  for  a  few  turns;  it  is  the  standard 
Western  Union  wire  joint. 


Pigs.  7,332  and  7,333. — Mclntire  sleeve  and  sleeve  joint.  An  approved  method  of  making  the 
joints  of  telephone  lines  is  by  the  use  of  some  form  of  sleeve,  such  as  is  shown  in  fi^.  7,332. 
Thi»  con»i»t9  of  two  copper  tubes  of  the  required  length,  and  of  sufficient  inside  diameter, 
to  admit  the  ends  of  the  wires  to  be  joined,  fitting  tightly.  The  tubes  are  then  gripped 
with  a|tool,'shown  in  fig.  7,336 ,  and  twisted  around  one  anotner,  so  that  the  wires  are  securely 
joined  and  locked,  as  shown  in  fig.  7333. 


V  3,770 -410 


OUTSIDE  WIRING 


a  short  piece  of  the  s»nii 


>l  leave  accidentalli'. 


Tigs.   7,338.— Overhea. 


sary.Tiowever,  to  insulale  tl.e  cable  in  aoy  way;  conaequenlly  it  is  merely  hongj  to  a  Wfif 
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being  inserted  anid  secured  through  a  separate  hole  in  a  board,  which  is 
perforated  to  correspond  with  the  spacing  of  the  insulators  on  the  cross 
anus.  A  rope  ia  then  attached  to  this  running  board,  which  is  diawn  by 
a  team  of  horses  through  the  stretch  to  be  wired,  being  lifted  over  each 
pole  top  in  turn.  When  a  certain  length  has  thus  been  drawn  out,  the 
wires  are  drawn  to  the  required  tension  between  each  pair  of  poles  and 
secured  to  the  insulators. 

In  applying  tentii^  to  the  wire 
A  general  rule  is  to  make  the  tens 
load.    The  sag  usually  allowed  is  given  in  the  ti 
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In  drawing  out  the  wire,  it  is  customary  to  use  a  wire  clamp,  or  '  come 
along."  This  tool  is  attached  to  a  block  and  tacldc,  or  drawn  in  by  hand, 
and,  as  soon  as  the  proper  force  has  been  applied,  the  wire  is  held,  while 
the  lineman  secures  is  to  the  insulator. 

Another  contrivance  for  this  purpcKe  is  the  pole  ratchet,  hy  whiCLh  the 
wire  is  drawn  tight  and  held  until  attached  to  the  pole. 


FiO,  7,389. — Method  of  nuildna  a  tgriei  "loop"  i 


tbniau^  dM  driiia  tuba  to 


d  la  the  mam  vires,  lire  rua  to 
la  the  side  of  the  buOding,  imd 
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a  insulators,  splicing,  etc..  6St  shown 

Transpositions. — Due  to  rapid  current  changes  in  telephone 
and  telegraph  lines,  transpositions  are  necessary  to  avoid 
inductive  disturbances. 


Pig.  7,312. — C1ark'«  "antihum";  ■  device  desigiwd  to  prevsnl  the  humming  of  telegniph.  wires. 

For  short  lines  and  pole  systems  with  only  a  few  wires  it  is  not  neces- 
sary to  transpose  very  frequently.  On  longer  lines  it  has  beea  found 
amply  sufficient  to  transjjose  once  every  quarter  mile;  that  is  to  say  to 
change  the  relative  position  of  the  wires  of  the  different  circuits  at  posts 
situated  about  that  distance  apart.  This  does  not  meanj  however,  that 
each  pair  of  wires  is  transposed  so  often,  but  that  on  ordinary  sized  sys- 
tems, the  transposition  of  some  one  circuit  is  amply  Guffident  to  secure 
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balanced  relations  and  effectually  counteract  the  effects  of  cross  induc- 
tion. It  is  a  matter  which  must  be  carefully  calculated  and  planned  in 
each  particular  instance  in  order  to  secure  the  best  advantages. 

Insulators. — Glass  and  porcelain  are  employed  almost  uni- 
versally for  supporting  overhead  wires. 


Fio.  7,3*3 -TElegTBph  and  telephone  line  glau  insulatcr. 
Pio,  7,344.— Type  of  iniulator  mod  in  makiBB  a,  transposition. 

Insulators  made  of  these  materials  are  superior  to  those  made  of  other 
material  sudi  as  hard  rubber,  or  various  compounds  of  vegetable  or 
mineral  matter,  with  the  exception  perhaps  of  mica  insulators  used  on 
the  feeders  of  electric  railway  lines. . 
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CHAPTER  112 


Underground  Wiring 

In  large  cities,  tne  best  method  of  running  wires  for  all  varie- 
ties of  electrical  power  transmission  is  to  place  them  tmderground. 

The  expense  of  installing  an  underground  system  is  very  great  in  com- 
parison with  that  of  overhead  construction,  but  the  cost  of  maintenance 
IS  much  less  and  the  liabi^ty  of  interruption  of  service  greatly  reduced. 

The  various  underground  systems  may  be  divided  into  three 
classes: 

1.  Lead  encased  cables  laid  directly  in  the  ground; 

2.  Solid  or  built  in  systems; 

3.  Drawing  in  systems.  ' / 

Where  cables  are  laid  directly  in  the  ground'/ the  metallic 
covering,  consisting  usually  of  a  lead  tube,  which  is  placed  over 
the  insulation  is  depended  upon  for  mechanical  protection. 

Such  cables  are  largely  used  for  short  private  lines  and  the  first  cost 
is  less  than  that  of  the  others,  but  in  case  of  repairs  it  has  to  be  dug  up. 

In  the  drawing  in  systems,  the  cables  are  drawn  in  after  the 
conduits  are  built. 

The  conduit  of  the  drawing  m  sysiem  may  consist  of  various  forms 
of  pipe  or  troughs  of  iron,  earthenware,  concrete,  wood  or  fibre,  while 
those  of  the  solid  or  built  in  sjrstems  are  composed  of  either  iron  tubes 
or  concrete  trenches. 

Vitrified  Clay  Pipe. — ^Various  forms  of  vitrified  day  conduit 
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appear  to  possess  the  qualifications,  desirable'  in  underground 
construction,  to  a  higher  degree  than  any  other  type. 

They  are  made  ii_  _„.. 

about  3i4  inches  in  diameter,  i>.  u^a  i"i^im  oiimut,  a 
Multiple  conduit  is  made  in  two,  three,  four,  six  and  more  sections,  rang- 
ing from  2  to  3  feet  in  length. 

^gle  ccmduit  is  t)est  suited  where  there  ie  great  crowding  of  gas,  water 
and  other  pipes,  as  the  conduit  can,  b«i  divided  into  several  layers  so  as 
to  cross  over  or  under  such  pipes. 


Fia.  7.3«S,— A  Ten  fotmi  of  vitrified  cUy  pi 


The  multi-duct  conduit  can  be  laid  somewhat  cheaj 
lines  of  about  two  to  four  ducts;  it  is  best  suited  to 
aub-nuface  obstructions. 

In  laying  conduit,  a  trench  is  dug,  ' 

tha  placing  of  three  inches  of  concrete „  - ,  

sufficiently  deep  to  bold  at  least  thirty  inches  of  concrete  on  top  of  the 
upper  layer  of  concrete  forming  the  conduit,  and  to  allow  for  three  inches 
oTconcrete  in  the  bottom,    "nie  trench  is  graded  from  some  point  near 
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the  middle  of  the  block  to  the  manhole  at  each  intersectioa,  or  from  one 
manhole  to  the  next  manhole,  at  a  gradient  not  less  than  2  inches  to 
100  feet. 

The  tiles  of  the  several  ducts  are  placed  close  together,  and  the  joints 
plastered  and  filled  with  cement  mortar  consisting  of  one  part  of  Portland 
cement  to  one  part  of  sand.  When  the  condtiit  is  being  laid,  a  wooden 
mandrel  about  lour  or  five  feet  long,  three  inches  in  diameter,  and  carrying 
a  leather  or  rubber  washer  from  three  to  eight  inches  larger  at  one  end 
is  drawn  through  each  duct  so  as  to  draw  out  any  particles  of  foreign 
matter  or  cement  which  may  have  become  lodged  in  the  joints,  and  tUso 
to  insure  good  alignment  of  the  tiles. 

Single  duct  conduits  are  usually  laid  by  brick  layers.  This  fact  accounts 
for  the  somewhat  greater  cost  of  the  single  over  the  multiple  conduit  which 


Pig.  7,346. — Vitrified  clay  or  earthenware  trough  conduit;  this  type  of  conduit  consists  of 
troughs  either  simple  or  with  partitions,  the  latter  type  being  shown  in  the  figuie. 

is  usually  laid  by  ordinary  laborers.     One  good  brick  layer  and  helper, 
however,  will  lay  h«om  200  to  300  feet  of  single  duct  conduit  per  hour. 


Vitrified  Clay  or  Earthenware  Trough  Conduit. — It  con- 
sists of  troughs  either  simple  or  with  partitions  as  shown  in  fig. 
7,346. 

They  are  usually  made  in  tiles  3  or  4  inches  square  for  each  compart- 
ment, with  walls  about  one  inch  thick.  The  length  of  the  tiles  ranges 
from  two  to  four  feet.  Each  of  the  two  foot  form  duct  troughs  weighs 
about  85  pounds.  When  laid  complete,  the  top  trough  is  covered  with 
a  sheet  of  mild  steel,  about  No.  22  gauge,  made  to  fit  over  the  sides  so  as 
as  to  hold  it  in  position,  and  then  covered  over  with  concrete. 

In  laying  multiple  duct  earthenware  conduit,  the  ducts  or  sections  are 
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centered  by  means  of  dowel  pins  inserted  in  the  holes  at  each  taint,  which 
is  then  wrapped  with  a  six  inch  strip  oE  asptialted  biirlap,  or  damp  cheese 
cloth,  and  coated  with  cement  mortar  as  shown  in  fig.  7,348.  Ecroomy  of 
space  and  labor  constitutes  the  principal  advantages  derived  from  the 
use  of  multiple  duct  conduit. 

Concrete  Duct  Conduits. — These  are  usually  constnicted 
by  placing  collapsible  mandrels  of  wood  or  metal  in  a  trench 
where  the  ducts  are  desired  and  then  filling  the  trench  with 
concrete. 


FlO.  7,347. — Method  ot  laying  single  duct  vitrified  clay  cooduil 
■re  placed  close  tocher  as  ihown  in  the  figure,  and  the 

Pic.  7^. — Method  of  laying  multiple  duct  vitrified  clay  con 


[noduce  a  siniilar  result  b^  placing  tubes  of  sheet  iron  or  sine  in  the  con- 
crete as  it  is  being  filled  into  the  trench.  These  tubes  have  just  enough 
strength  to  withstend  the  pressure  to  which  they  are  subjected,  and  are, 
therrfore,  very  thin  and  liable  to  be  quicklj'  destroyed  by  corrosion,  but 
the  ducts  formed  by  them  will  always  remam  unimpaired  in  the  hardened 
mass  of  concrete. 

Wooden  Duct  Conduits. — In  this  type  of  conduit,  the  ducts 
are  formed  of  wooden  pipe,  troughing,  or  boxes,  and  constitute 
the  simplest  and  cheapest  form  of  conduit. 

A  pipe  conduit  consists  ot  pieces  of  wood  about. 4H  iniiies  square-, 
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and  three  to  six  Ifit  long,  with  a  round  hole  about  three  indu. . 

bored  through  them  longitudinally.  As  shonn  by  fig.  73^  ft  cylindrical 
projection  is  turned  on  one  end  <k  each  section,  ^riiich,  when  the  conduit 
IS  laid  fits  into  a  correroonding  recess  in  cme  end  cd  the  next  section.  The 
sections  are  usually  laia  in  tiers,  those  of  one  tier  breaking,  joint  with  those 
of  the  tiers  above  or  below. 

The  trough  conduit  consists  of  ducts  about  3 .  inches  square  made  of 
horizontal  boards  and  vertical  partitions,  usually  of  yellow  pine  about 
one  inch  in  thickness.  This  form  of  conduit  can  be  laid  in  lengths  of  10 
and  12  ft.,  or  it  can  be  built  akmg  continuously.    The  life  of  wooden 


Wooden  BuUt-ln  Conduits. — The  chief  advantage  of  these 
are  h^h  insulatitig  quality,  the  capability  of  using  bare  wire  and 
"ida  for  undergroimd  conductors,  and  reduced  cost. 
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In  construction,  a  wooden  trough  is  laid  in  a.  trench  about  18  inches 
deep.  Porcelain  carriers  are  plac«i  in  the  trough  at  intervals  of  4  to  5 
feet,  to  act  as  brid^ework  for  supporting  the  conductors.  Thia  bridgework 
is  placed  on  find  is  stuTounded  by  impregnated  felt  or  similar  material, 
and  the  spaces  between  the  earners,  after  the  conductors  have  been  placed 
in  position  on  them  is  filled  with  voltax,  which  hardens  rapidly  and  forms 
a  solid  insulatii^  material  throu^out  the  conduit. 

Wrought  Iron  or  Steel  Pipe  Conduits. — These  are  formed 

of  pipes  similar  to  gas  or  steam  pipes,  with  screw  or  other  con- 
nections. 


Flo.  7^03. — CroM  »«tion  of  wiOMht  iron  pwe  conduit  laid  in  hydraulic  eanait. 

They  are  laid  either  simply  in  tiie  earth,  or  in  hydraulic  cement,  and 
are  the  strongest  and  one  of  the  most  satisfactory  forma  of  underground 
conduit.  In  construction,  a  trench,  the  width  of  -^lich  will  depend  upon 
the  number  of  pipes  to  be  laid,  is  first  dug  in  the  ground,  and  after  its 
.  bottom  has  been  carefully  leveled,  is  braced  with  side  planking  and  filled 
,  to  the  depth  of  two  to  four  inches  with  a  laj-er  of  good  concrete,  consist- 
ing of  two  parts  of  Rosendale  cement,  three  parts  of  sand,  *i\d  five  parts 
of  broken  stone  capable  of  passing  through  a  one  and  one-half  inch  mesh. 
This  concrete  is  well  secured  in  place  andforms  the  bed  for  the  lowermort 
layer  or  tier  of  pipes.  ■ 
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Ordinary  wrought  iron  pipe  is  employed,  in  20  foot  lengths  about  three 
to  four  indies  in  diameter,  depending  upon  the  size  and  number  of  cables 
they  are  intended  to  carry.  After  the  last  tier  of  pipes  have  been  put  in 
place,  and  a  layer  of  concrete  from  two  to  four  inches  placed  over  it,  a 
layer  of  two  indi  yellow  pine  planking  is  laid  over  the  whole. 

The  principal  object  of  the  top  covering  is  to  protect  the  conduit  against 
the  tools  of  workmen  making  later  excavations. 

Practical  eicperience  shows  that  workmen  will  dig  through  concrete 
without  stopping  to  in^^estigate  as  to'thfe  character  of  the  obstruction, 
but  under  ^inilar  circumstances,  will  invariably  twcp.  away  from  wood. 

In  best  construction  the  pipes  are  lined  with  a  layer  of  cement  5^  in. 
thick  and  containing  no  sand. 

Cast  Iron  Pipe  and  Trough  Cionduit. — Cast  iron  pipe  for 
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Fig  .  7^54  .—Fibre  conduit .  It  consists  of  pipes  made  of  wood  pulp ,  haying  about  the  same  thick- 
ness as  cast  iron  pii>e.  Slip  joint  conduit  for  electrical  subways  is  three  inches  inside  dia- 
meter. The  socket  joints  keep  the  lengths  centered  and  make  it  easier  to  lay  than  a  mere 
butt  joint. '  It  is  laid  in  cement  like  iron  pipe. 

tindergrotuid  conduits  is  similar  to  ordinary  wrought  iron  pipe, 
except  that  it  is  thicker. 

The  additional  thickness  is  necessary  to  make  the  strength  equal  to  that 
of  wrought  iron;  it  is  therefore  heavier  to  handle  and  more  expensive. 

The  trough  conduit  consists  of  shallow  troughs  of  cast  iron  in  six  foot 
lengths,  laid  directly  in  the  earth  so  as  to  form  a  system  of  continuous 
trou^hing  in  which  the  conductors  are  placed  and  then  covered  over  by 
cast  iron  covers  which  are  bolted  to  the  trough. 

The  advantages  are  that  the  cables  can  be  laid  directly  in  place,  thus 
eliminating  anv  diance  of  injury  during  the  process  of  drawing  in,  and 
second,  the  cables  are  easily  accessible  at  any  point  by  simply  removing 
one  or  two  of  the  sectional  cast  iron  covers,  thus  permitting  of  their  being 
readily  inspected  and  repaired. 

Fibre  Ctonduits. — This  form  of  conduit  consists  of  pipes 
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made  of  wood  pulp  impregnated  with  a  bituminous  preservative 
and  insulating  compoutid. 

These  pipes  are  laid  in  concrete  in  a  manner  similar  to  iron  pipe.  Fibre 
conduits  are  made  in  sizes  ranging  from  1  inch  to  4  inches  in  diameter 
and  from  2H  to  5  feet  in  length,  with  walls  ranging  from  Ji  to  J^  inch 
in  thickness. 

In  laying  the  socket  joint  type  of  fibre  conduit,  after  the  trench  has 
been  dug  to  the  required  width  and  depth,  depending  upon  the  number 
of  pipes  to  be  placed  in  a  tier  and  the  number  of  tiers,  a  bed  of  concrete 
about  3  inches  deep  is  placed  on  the  bottom  and  a  line  drawn  on  one  side 
for  the  alignment  of  the  first  line  of  pipes.  The  other  lines  of  pipe  or 
ducts  are  laid  parallel  to  the  first  line,  and  are  separated  from  it  and  from 
each  other  by  means  of  Ji  inch  or  J^  inch  wooden  or  iron  pegs. 
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Fig.  7.355. — Sleeve  joint  type  of.  fibre.  Both  the  socket  type  and  the  sleeve  type  are  easily 
aligned  without  the  use  of  a  xhandrel. 

Fig.  7,356. — Screw  joint  type  of  fibre  conduit.  This  method  of  coniiection  will  form  a  tight  line 
and  is  suitable  for  running  under  the  lawns  of  private  houses  and  paries,  under  the  streets 
of  towns  and  villages,  and  in  other  places  where  the  cost  of  bxiilding  electric  subways  is 
prohibitire. 


The  pipes  are  well  grouted  and  covered  with  a  layer  of  concrete  to  the 
depth  oi  }4oT  )4  inch,  and  the  next  tier  laid  in  place  in  the  same  manmer. 

When  the  final  tier  of  pipes  has  been  installed,  it  is  covered  with  a  layer 
of  concrete  about  2  to  3  mches  deep. 

When  necessary  to  cut  a  length  of  pipe  to  break  joints  or  to  enter,  a 
manhole,  the  remaining  part  of  the  length  may  be  utilized  by  using  a  fibre 
conduit  sleeve  having  an  inside  diameter  }4  inch  greater  than  the  pipe 
bemg  used  on  the  sjrstem. 

£di8(m  Tube  System. — ^This  arrangement  consists  of  a  series 
of  iron  tubes  or  pipes  containing  one  or  more  coppo:  conductors 
which  are  placed  therein  before  each  complete  section  or  pipe 
leaves  the  factory,  so  that  they  only  need  to  be  joined  together 
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to  form  a  continuous  line  of  underground  conduit  with  conductors 
in  place. 

Under^ound  Cables. — Electric  light  and  power  cables  for 
use  in  conduit  may  be  divided  into  two  classes:  moisture  proof, 
and  non-moisture  proof,  according  to  the  character  of  the  insu- 
lator. 

Ttt  the  moisture  proof  cables,  the  insulatioii  consists  <^  some  form  of 

rubber,  or  of  bitumen,  and  a  metal  sheath  or  covering,  usually  of  lead, 
is  provided  to  protect  the  cable  from  mechanical  or  chemical  injuries. 
The  non-moisture  proof  cables  are  insulated  with  paper  impregnated  with 
oil,  wax,  or  resinous  compounds. 


IT. — CroHKctumotEdiion  "leader"  tube.    This  ran*  from  tils  power 


principal  coaductort  and  %  ■twlb.r  conductor 
ittedc  ■■       '  -   —   . 


■en  «traod»  of  No.  1»  B.  W.  G, 

., Lbls  the  volta(»  et  the  dutuit 

rcBo  Bi  iDB  o«Qb>l  aution.    For  thii  reuon  the/  an  commoDly 

[if  Bditon  "mmin'*  tube.    A  uumber  of  tbeee  tube*,  which  nidiat* 
bution  and  loop  the  ends  of  the  feeder*  toffethei.  have  three  con- 

,    These  tubes  are  placed  in  the  ground  so  as  to  bring  th '■'^ — 

on  one  side  of  the  center  of  the  tube,  and  the  neutral  i 


Metal  Sheaths  on  Under^ound  Gables. — Metal  sheaths 
are  used  on  rubber  covered  cables  to  protect  the  insulating 
compounds  from  the  deteriorating  effects  of  electrolysis  and 
various  kinds  of  acids  and  gases  which,  under  present  methods 
of  construction,  are  ever  present  in  the  underground  conduits. 
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It  is  a  fact,  however,  that  the  lead  sheath  on  a  low  tension  cable,  which 
13  used  as  one  side  of  a  grounded  circuit,  has  been,  in  Eame_ cases  the  cause 
of,  instead  of,  cure  for  electrolysis.  The  proper  euro  Uea  in  the  omission 
of  the  dieath  altogether,  but  as  this  is  not  practical  except  in  the  case  of 
very  large  conductors,  the  best  thing  that  can  be  done  is  to  interrupt  the 
continuity  of  the  sheath  by  some  form  of  insulating  joint. 

Pot  Heads. — The  upper  end  of  a  lateral  cable  is  equipped 
with  a  discharge  bell,  which  is  commonly  called  a  pot  head. 


Flo.  73S9. — ^Bottom  of  Gtmcnl  Cl«etric  nunhale  Junction  box;  view  from  manhole  lat« 
The  cable*  mter  th«  bottom  of  the  box  as  shown  througli  oompocition  noiiles  to  wl 
the  lead  iheathea  are  umted  by  a  wiped  solder  connectioa ,  forruing  a  permanent  water 
gu  tight  joint.  StufGng  boies  are  sometimes  substituted,,  doing  ftwsy  with  the  wiped  jo 
rendering  the  boxes  suitable  for  uae  with  unleaded  or  braided  cablet.  The  normal  pod' 
of  the  distributinff  cables  is  in  the  upper  ducts  so  that  they  may  be  I 
boK  without  cmssine  other  Unei.  The  entrance  noizles  and  seats  a 
tenninab  are  soldered  to  cables  outside  of  box  and  any  cable  may  b 
turbiog  any  toktered  ioint.    The  wiped  joints  unite  electrically  tl 


ally  the  lead  (heathea 

„ _ nd  to  the  shell  of  the  b 

i  are  solidly  grounded,    rncombuslible  ahields  prevent  the  arc  from  a  ' 


Ls  box  and  by  connecting  a  single  ea 
■■■■  '    ■      '  VistKlea 


The  purpose  of  a  pot  head  is  to  hermetically  seal  the  end  of  the  cable 
and  bring  the  conductors  out  in  such  a  manner  as  to  permit  of  their  being 
conveniently  connected  to  the  primary  service  boxes. 

Pot  heads  are  usually  made  in  three  parts,  the  base  being  of  cast  brass, 
having  a  diameter  depending  upon  the  aze  of  the  conductors,  vrith  a 


3,784-424  UNDERGROUND  WIRING 


hole  in  the  lower  end  threaded  within  in  such  a  manner  as  to  make  a  tight 
fit  on  the  cable. 

In  connecting  the  head  to  a  cable,  after  the  cable'  has  befeii  bent  in  to  the 
proper  position,  the  brass  base  is  slipped  down  over  it  with  the  larger  end 
up,  and  then  screwed  down  on  the  lead  sheath.  The  threads  cut  down  into 
the  lead  sheath  to  a  distance  of  about  ^  inch  along  the  sheath,  thus 
making  an  air  tight  connection  without  necessitating  the  making  of  a 
wiped  joint. 

The  separate  conductors  are  now  bared  of  their  insulation  for  a  distance 
of  about  two  inches,  and  then  spliced  to  heavy  rubber  covered  braided 
wire  of  sufficient  length  to  reach  the  primary  service  boxes.  The  joints 
connecting  these  rubber  covered  wires  and  the  cable  conductors  are  spliced 
\i%  the  same  manner  as  straight  splices,  the  paper  sleeves  used  being  of 
stifedent  diameter  to  be  backed  out  of  the  way  over  the  rubber  insulation. 

When  the  sj)lice  is  completed,  a  brass  shell  threaded  at  one  end  to  fit  a 

female  thread  in  the  upper  end  of  the  brass  base,  is  slipped  over  the  end 

;  of  the  rubber  covered  wire  and  screwed  into  the  base.    A  hood  of  sheet 

^  copppr  hajving  the  form  of  a  quarter  section  of  a  ball  is  slipped  over  the 

-  top  of  thel  frame  and  its  lower  edge  tracked  in  position  below  the  horizontal 

shelf.    Tl^s  hood  makes  the  pot  head  w^ter,  ^pw,  and  insect  proof 
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CHAPTER    113 


Power  Wiring 


Wiring  of  Motors.— 

The  following  general  si^- 
gestions  should  beiollo  wed 
in  wiring  motors,  in  order 
that  the  installation  will 
conform  to  the  require- 
ments of  the  Code. 

AH  motors  must  be  pro- 
tected by  means  of  a  metal 
box  unless  motor  is  of  the 
enclosed  tjT>e.  The  frames 
of  all  stationary  motors 
must  be  grounded  whenever 
possible  unless  attached  to 
an  insulated  base. 

All  portable  motors  of  500 
volts  or  less  must  have  the 
portable  cord  size  be  of  the 
same  current  capacity  of  the 

All  motors  bear  a  name 
plate  showing  current  con- 
sumption of  the  motors. 
^ze  ol  wire  can  be  deter- 
mined  from   this   or  from 


_  ,  _, -.-.,. , ,_ ,_ ^ 0,  dangertma  Bp«ed. 

•MP  tht  motor,  open  tha  muD  Iidb  switch  aDd  Igt  the  liwoataC  opnutc  ButomHtiCiil 
Tlie  lever  will  not  be  nkaaed  by  the  nusnet  at  once  but  will  be  held  uciil  the  motor  1 
■loiRddiiwnwmmriiat.ilAenitwDlSrbacktoit^po^Iioa.  Never attEiopt to fotce start 
Lever  to  oS  poDtion  ai  thii  mold  dunage  the  rheoetat.    JVeiwr  oftii  fitM  aratU  toMc  m 

•••tIm  motor,  ehaiue  jumper  BO  u  to  connect  r"  '     -"---•-'--•" 
bomUwBwi(cbtoA''mneadof toA'.    Wheraft 
form  of  controller  ii  required . 
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Motors  of  Ji  h.p.  or  over  must  not.be  installed  on  the  same  circuit 
that  contains  dectric  lights.  Also  all  small  portable  motors  must  have  a 
double  pole  Eiiitclr  to  control  them  so  that^Euth  sides  dt  the  line  will  be 
made  or  broken  at  the  same  time.  The  smaQestaize  of  cord  to  be  used 
on  small  motors' is  No.  14,  which  must  be  of  the  heavy  reinforced  type. 

la-etere  inataSattons  where 

UNI  thete  are  more  than  two  electric 

fans,  it  is  recommended  that  a 

,  special  drcuit  be  used  to  the 

OUT  Single  pole  switches  must  not 

be  used  to  control  motors. 
Sn^  switches  must  be  of  the 
indicating  type, 

'ITCH  _  IJ    is  ■   recommended     that 

.     salety  motors  starting  iwitchea 

be  used  on  ^  motors. 

M  All  motors  should  be  fused 

in  accordance  with  their  current 
consumption.  All  motors  must 
be  protected  by  a  cut  out. 

Small  mot<ws  may  be  grouped 
together  and  protected  by  one 
cut  out  if  the  fuse  do  not  exceed 
10  amperes. 

Switches  and   cutouts  con- 

',  .    troUin?  motors  must  be  located 

*,  '    near  the  motor,  unless  theyare 

■^  1 — "        started   by  means  of  remote 

'  control  switches. 


Pia.  T.MI. — ^ring  dugnm  o{  thunt  motor.  S*A>r*((er(in«  ■  ifaant  or  eofnnoaiKl  motor 
for  ttu  fint  limt,  the  field  ciicuit  ihouU  b«  t«ted  to  tea  that  it  b  idoBd.  To  Immt,  opes 
umctuni  circuit  br  RnioviiiBtrom.rhHMtatlad  nuriccd  arm,  bBBSCH^ol  to  innkte  tba 
looM  lead  with  tape.  Then  move  tht  rtieoftat  lever  om  to  ths  lait  button  when  it  win  be 
hsld  if  tba  field  circuit  be  closed.  Attt  ttttlna,  opoi  maio  Una  aniMh  and  nplace  the  dk- 
ooanscted  leul.  In  mtartlat  motor  for  Gnt  tiina  allow  it  la  nm  a  loir  minatM  vitboot  lo»d. 
Ite  HMTM  «  ahunt  molar,  ohanBe  tha  jumpar  ao  aa  to  coanact  P*  to  A',  and  ohasge  iImo- 
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General  Suggestions  for  Installit^  Motors.— Make  the 

ran  from  mains  or  distribution  center  as  short  as  possible  to 
save  materials  and  to  reduce  loss  of  voltage. 

LocatestartiagboxesaboutMins.fromfloortobottomofstarter.  Conduit 
should  be  used  to  run  down  walla  across  floors  to  motors.     U  the  length 
of  conduit  be  less  than  10  ft.  it 
LINt  need  not  bo  grounded,  but  if 

there  be  seveml  lengths  of  con- 
duit and  their  total  length  ia 
over  10  ft.  it  is  suggested  that 
thev  be  all  bonded  together  as 
if  tney  were  one  continual  piece 
of  conduit. 

^  When  installing  a  motor  al- 

ways level  the  motor,  as,  if 
motor  be  not  levelled  it  will 
make  a  lot  of  noise  and  cause 
thebearings  to  wearon  one  side; 
also  the  Mdt  will  have  a  ten- 
dency  to  slip  off, 

.  If  a  motor  ia  to  be  set  on  a 
ceiling  of  plaster,  first  secure  a 
couple  of  planks  not  less  than 
2X4  to  the  joists,  by  means  of 
lag  screws  that  are  screwed  in, 
not  hammered  in,  so  that  they 
willbesecure.  The  motor  should 
then  be  taken  apart  and  assem- 
bled. First  the  base  is  screwed 
to  the  planks,  then  the  frame 

is  secured  to  the  base.    One  end 

plate  is  installed,  the  armature 
mserted,.  then  the  other  end 
plate  is  ptit  on.'  Always  make 
sure  that  the  oil  w^s  are  in  the 
proper  positions. 

The  use  of  flexiUe  metallic 

Pig.  7.382. — \nrioB  diBBiani  of  compound  motor.  Th*  nltnaai  letMn  are:  A,  annatuiej 
P.  tbaat  field;  SB.  iei»  field,  /n  amipound  motorm,  the  series  end  shunt  sindingB  miut 
■hrsyi  be  kept  in  the  dime  rektion  with  re^ud  to  their  polarity.  Where  such  a  motor  it 
to  ba  run  m  ooljr  tna  direction,  the  tenniiuil  plate  has  ordy  four  bjndina  poMg.  If  it  be  neces- 
sary to  levene  the  machine,  iHifl  Ihi  bnakliMtr  nMng  rimg  Uiroiish  mu-ijuaTirT  oj  a  too- 
IMiim.  For  Inquank  nreninK  tha  tnaduac  should.^  connected  as  in  £«.  7363-  Baton 
alarltnt  tor  first  time.  tliB  polarity  el  the  fields  ibould  be  tested  to  delermme  that  they  be 
in  proper  relation.    A  needle  or  mull  drill  suspended  by  a  thread  malaa  a  good  indicator. 
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conduit  known  as  Qreenfield  cable  is  suggested  when  it  is  impossible 

bend  conduit  in  awkward  positions. 

The  use  of  spedal  cable  connectors  at  motor  outlets  is  suggested  so  th 
in  case  tie  motor  is  to  be  removed  it  will  be  easy  to  disconnect  it. 

The  use  of  loom  from  wall  to  the  motor  is  not  recommended,  as  it 
more  desirable  to  run  conduit  up  to  motor  terminal  block  than  to  loc 


1.  D,C.  Motors 


Direct  current  power 
systems  are  always  two 
wire,  the  three  wire  never 
being  used  except  on  a 
combination  load  of  light 
and  power. 

Motors  of  J^  horse 
power  or  over  must  be 
started  by  means  of  a 
starting  rheostat.  This 
rheostat  must  be  placed 
on  a  slate  base,  marble  or 
asbestos,  mounted  on  a 
metal  cabinet  or  box  with 
a  hinged  cover.  Also  a 
fused  switch  must  be 
placed  before  the  starting 
box  to  cut  off  all  current 
entering  the  box  and  motor . 
All  switches  must  be  in- 
stalled in  a  metal  cabinet. 

.303, — Wiring  dugnm  ri  eomfound  rerenms  motor,    /n  thif  m 


_^„„ .igjwitchconoKtedMi 

by  revniring  both  fidd  windiogi. 
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All    motors  controlled  by    controllers,    self    starters,    etc., 
must  also   have    afi  additional  switch  to  cut  off  the  power 

supply.    This  switch 

is    not    necessary   if 

an  automatic  circuit 

«         breaker  be  placed  in 

—  the  drcuit  before  the 

starting  box. 

-.  The  full  load  cuirent 

or  the  amount  of  cur- 
rent consumed  by  tlie 
motor  while  numiiig 
can  be  found  on  the 
motor — name  plate  or 
by  consulting  the  tables 
at  end  of  this  chapter. 
D.C.  motors  over  Ji 
h.p.   should    be    con- 

nected   to  220  volts  or 

■•"""         over  if  available. 

Small  motors  under 

Ji  h.p.  may  operate  at 

110  volts,  but  any  size 

_.  above  }i  A.f'.  results  in 

poor  jeffidency   of  the 

Series  motors  con- 
sume 1.5  more  current 
in  starting  than  in  run- 
ning. The  load  to  be 
carried  by  the  main  is 
calculated  thus: 

Fio.  7.364  .—Wiring  diagram  of  comtouad  dynamo.  F^lia*  ta  ptimrmtm.  1,  Thii  may 
be  due  to  an  opemng  in  the  field  circuit  or  field  rhcOEtBt.  Test  with  magneta  betl  or  pikit 
lamp;  3,  shunt  Add  not  proper]/ connected.  Tbis  may  occur  when  the  machine  iarevened. 
Reverse  the  (hunt  field  by  cbanpna  the  jumper  lo  u  to  connect  Se  to  P*  initead  of  to  F", 
and  bling  the  win  bom  tlie  fieldnioatat  to  F",  instead  of  to  P'.  If  tha  dynamo  giye  the  n- 
juiied  voltage  at  do  load^uid  tiiUs  oS  very  rapidly  as  the  load  is  put  on.  the  aeriea  field  if 

re  coocected  to  the  brush  atuds  on  the  rocldng  ring.    Should 
-'•—-'- ^-'-■J  has  been  reversed,  reverse  the  shunt  field 
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Pull  load  rumiing  current  of  one  3  h.p.  motor  =  25  amperes 
Pull  load  runniiig  current  of  one  5  h.p.  motor  «  38  amperea 
Pull  loftd  running  current  of  one  10  h.p.  motor  ■■  SO  amperes 
Pull  load  running  current  of  one  25  h.p.  motor  =  160  amperes 
Starting;  current  25  h.P,  motor  »  150  X  1.25    •^  188  umpires 

Total  current  »  331  amperes 

Sec  wire  to  carry  331  amperea  is  fnm  table  on  page  3,79l>431|  circular 
rails  or  No.  000.  B.W.G. 

Where  the  run  from  power  panel  or  distribution  center  to 
motors  is  of  considerable  length  it  is  necessary  to  increase  the 


Tic.  7,ses. — Wiring  dugniD  tor  four  d£.  motor  toMalUtKn],  -when  mctet  baud  u  not  nUecd 
u  tin  centnl  pout  n  dittributloa. 

size  of  wire  in  accordance  with  the  drop,  otherwise  the  loss  of 
voltage  will  reduce  the  speed  and  efficiency  of  the  motor. 

It  is  suggested  that  a  main  distribution  be  installed  at  a  central  point 
where  the  wires  enter  the  building  or  near  the  generator.  Prom  this  point, 
sub-mains  caa  be  run  tg  various  sub-feeders,  to  distribution  panels,  to 
feed  the  various  motors. 

The  following  table  gives  full  wiring  data  for  d,c,  motors  J^ 
to  25  horse  power: 
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I 
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Where  the  starting  box  is  exposed  to  flyii^  chips  of  metal  or  metal 
dust,  it  must  be  endosed  in  a  metal  box,  otherwise  the  metal  will  short 
drcuit  the  resistance  wires,  resulting  in  a  serious  damage  to  the  motor 
and  starting  box. 


Calculation  of  Mains  for  D.G.  Motors. — To  illtistrate  the 
proportioning  of  the  wires  assume  a  load  of  four  3  h.p.  motors 
with  meter  board  arranged  as  in  fig.  7,365. , 


Fig.  7,366, — GeoerBl  Electric  fiucCional  bone  pover  dx.  motor  thowiiMt method  of  iBVenmc. 
The  motor  Bhown  k  compound  wound  with  only  tvo  binding  pocta.  If  the  motor  be  ihunt 
npuAd^th  either  two  or  three  bindins  posts,  or  com^iouiid  wOlmd  with  three  binding  posts, 
the  umer  connection*  will  be  different.    In  «U  eattt,  to  TerBrse  the  motor  interchange  con- 


Nowa  3  h.p.  motor  at  110  volts  consumes  25  amperesatftdl  load.  Thus 
a  No.  10  wire  which  carries  25  amperes  must  bo  run  from  the  fuse  paael  to 
Uie  motor.  The  mains  shoiild  be  calculated  as  4X25  amperes  =■  100  amperes 
which  would  require  a  No.  1  wire. 

Assume  now  another  installation  having  a  mixed  load  of  various  motors 
of  different  sizes. 

The  proper  method  for  calculating  mains  for  such  an  installation  is 
to  add  the  total  running  current  of  the  smallest  motors  to  the  starting 
current  of  the  largest  motor.  Shunt  and  conqxiimd  wound  motors  take 
1.25  more  current  m  starting  than  in  nmnii^. 
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433  •  3,793 


2.  A.  C.  Motors 

In  figuring  wire  sizes  for  one  motor  ax,  installations,  the  fol- 
lowing frojn  the  Code  should  be  noted: 

Where  a  rubber  covered  wire  carries  the  current  of  only  one  a,c.  motor 
of  the  type  requiring  large  starting  currents,  it  may  be  protected  by  a 
fuse  or  circuit  breaker  without  time  limit  device,  rated  in  accordance 
with  table  of  canning  capacities  of  weather  proof  wires  on  page  3,637. 
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Fig.  7,367.^Wiring  diagram  showing  metjjod  of  connecting  single  phase  motors  cm  single 
phase  drctait. 


Its  rating  is  higher  than  the  values  given  in  the  table  for  rubber  covered 
wires.  The  motors  referred  to  above  requirine  large  starting  current  are: 
1,  single  phase,  split  phase  types  above  5  n.p,  consume  two  times  as 
much  current  in  starting  as  in  nmning;  2,  two  and  three  phase  squirrel 
cage  and  slip  ring  types  require  a  starting  current  1}4  times  the  running 
current. 

The  f of^going  rule  has  been  adopted  so  that  wires  may  be  fused  for  a 
higher  rating  to  allow  for  the  heavy  momentary  starting  current.  In  this 
connection  it  should  be  noted  that  the  motor  while  running  must  be  pro- 
tected with  a  running  fuse  rated  in  accordance  with  the  carrying  capacity 
of  the  wire. 
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SHUNT  e 

Fic.  7^6S. — Diaeram  sbowiiig  contntllcr  connEctcd  to  Crane  s< 

in  oSpositiDn  md  is  nlcued on £nt  etep  ot  controller. 

Fig.  7^80.— DiagTBm  Bhowing  controBtr  connected  to  Crurm  » 
In  oawBtlon,  motar  revenu  whoi  coni 
ia  OS  poiition  snd  ia  relesKd  on  GrsI  si 

Pig.  7.370,— Diajram  showing  eontroller  ( 

F«i.  7571. — DiHHiwn  ahoirlng  contMller  1 


innected  to  Crnne  compound  motor,  so  uranged 
mnccted  to  04n«  compound  motor  so  amnffed 
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Wirii^  for  Single  Phase  Motors. — Nearly  all  single  phase 
motors  of  standard  manufacture  are  equipped  with  windings 
leads  brought  out  to  the  terminal  block  of  the  motor  so  that  the 
motor  windings  may  be  transposed  to  a  higher  or  lower  voltage. 

10-220  volt  motor  may  be  run  on  either  voltage  by  simply 


RESISTOR  E  RESISTOR  F 

G.  7^To. — Wirm^  dia£nm  of  G«neial  Electric  full  magnetic  form  H  controller  for  d/nami 


<  a  440  volt  motor  that 

If  both  voltages  be  avaOable,  it  is  suggested  that  the  motor  be  attached 
to  the  higher  voltage  as  the  motor  wiU  consume  approximately  half  as 
much  current  while  running,  and  will  also  operate  at  a  higher  efficiency; 
another  consideration  is  that  it  will  require  a  smaller  size  wire  for  connect- 
ing than  if  it  was  used  on  a  lower  voltage;  also  smaller  sizes  of  wire 
require  smaller  sizes  conduit. 
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Sii^e  phase  motors  up  to  3  h.p.  may  be  Etarted  by  means  of  double 
pole  switches;  they  should  be  of  the  knife  type,  which  also  must  be  enclosed 
m  anirou  box. 

Above  3  k.p.  motors  must  be  started  by  means  of  a  redstance  starter 
so  that  the  starting  currents  will  be  reduced  to  a  mininium.  Also  this 
starter  must  be  equipped  with  a  no-voltage  release  so  that  if  the  current 


Pig.  T^TS.— Wirlnt  *  ^_  tv  -  ,;     ,j^-     i-lx- ■ 

nitiieullyiiccaablelorclesiiinBiindoiling.   EncUoai    Tbs 

Kt  to  that  thg  iluJt  is  level  and  parallel  with  tbe  ihaft  it  is  to  drim  so 
niD  in  the  middle  □£  the  pulleyi.  Do  not  use  a  Mil  which  ia  too  heavy 
le  woik  it  bu  to  do,  u  it  will  nuteiitUr  Kduoe  the  output  of  tha  motor. 
>e  from  one-half  to  one  inch  narrower  than  thoB"" —  ■— -i-^-  •- 
'     '   ^'on»iat«RhangelfladaAandH. 


Moton  with  ring  oil  bcuuigi  may  be  tued  on  the  wall  or  cdtlncby  taldnc  off  aod  cap*  and 
revDlviDg90otl80deEreesuntilthe(ulwenicoiiiedirsctIrbaIo«thabBaniiga.  StartlnS: 
Uotora  ore  provided  with  link  acnxa  two  tanninali  on  the  upper  fight  hutd  bracket  at 
the  front  of  the  motor  and  with  thit  connection  should  atart  conBderabla  crvarloadi.  If 
the  atartins  current  be  too  Braat  with  this  connaetian,  it  may  be  reduced  by  renumu 
the  link.  TampcrBturea:  At  full  load  the  motor  win  M  hot  to  tiie  hand,  bat  this  u 
tar  below  the  duiaer  point.    If  tog  bcitfoitOQdi.m*aiaret«npeiatitia  with*  th 


L 


, iceed  7S  dfsnea  P^.  above  the  sunoundinc  aL- 

OiUngl:    Pill  the  oil  Weill  to  the  overflow  b<Jore  lUrUng  and  keep  them  fulL    See  that 
the  oil  rings  turn  freely  with  shaft.    Care:    The  motor  must  be  kept  clean.    Smooth 


collector  nngs  wiUi  sandpaper  and  see  that  the  bnuhe*  make  good  o 
brushes  become  worn  they  may  be  reversed.  When  fitting  naw  bniUMS  or 
always  sandpaper  them  down  until  they  make  good  contact  with  the  coO 
pawing  a  itnp  of  aandpaper  bnaath  the  bmrik 
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fail  while  the  motor  is  in  operaticm  the  no-vtitage  Klease  nil!  release 
the  handle,  a  spring  causing  it  to  fly  back  to  its  ori^nal  starting  positicn. 

Small  TnoUav  of  3  k.p.  or.jnore  should  be  protected  by  means  of  a  no 
voltage  release  circuit  breaker  that  is  connected  in  the  mains.  This  does 
sot  apply  to  elevator  motors. 

It  should  be  noted  that  in  installations  havin?  only  one  motor,  tne 
main  switch  at  point  of  entrance  must  not  be  used  tor  starting  or  stopping 
the  motor,  but  that  an  independent  switch  must  be  placed  m  accessibu 
iJace  near  the  motor  to  control  same. 


©IN6LE  PHASE 

Figs.  7.377  to  7.37( 
tpecd  altenuitjiii 


Rnctiai-.    Ini 

lotor  are  Uff  e  enough 


^  ipeed.  thTDPrinff  it  up  into 


THRtE  PHASE 

Hol«r-Cabot  «Iwr 
,  be  sure  the  truit- 

- —  ,-Jpet  voltage  »t  tba 

luce  the  cspacitr  of  the  motor. 
rdnS:  Slnftfe  jrliua  moton  ■!« 
leBtartingpouticni,  and  when tbo 
Hition.    Do  noi  hold  tht  saiick  tM 

.-  „. ...  ,hiue  motort  above  ii  H.P.  an 

-_,_ n  adiiutinK  link  at  the  bottom  ol  the  paneL    The  link  <■  ahown  in  tba 

novtian  of  lea*t  itartinE  torqua  and  carreat.  Connect  tcom  Wto2orWto3Cor  itart- 
ba  heavier  loads.  Tuo  or  thu  pkaii  moton  an  started  liniplr  1^  cloiins  the  switch, 
TSeta  moton  itait  tull  load  wioiout  Kartera.  The  motor  uoidd  Mart  promptly  os 
clodng  tbe  switch.  It  iboald  be  (tarted  the  first  time  without  bans  conpled  to  the  Um 
•baft.  It  tbe  motor  start  tita.  but  vill  not  start  loaded,  it  shows  other  that  the  load 
tipon  the  motor  ii  too  fres^  the  lins  Toltage  too  low.  or  tiie  tnanaxy  too  high.  The 
voltage  and  frequency  witJl  tha  motor  nmning  should  be  witiiin  &%  oi  the  name  plate 
lattDflBod  the  voltaKS  with  10  to  IS  %  while  starting.    U  the  motor  do  not  start  free, 

other  it  b  Betting  no  current  or  something  is '-■  '"■ '-    '■' 

•lectiician  aliould  be  cc       •-  '      "-■—---     " 


T  (or  single  i 


:e  thelndaiii 


j-licd"XX"i 


Solutioa:  To  re-jei 


£•  tcmptratara  will  be  aamewhi 
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Split  pbase  and  other  types  oC  single  phase  motors  may  be  reversed  by 
shifting  bruahea  or  their  connections. 

Motors  that  are  started  by  means  of  storters  or  regulators  must  have 
a  switch  to  cut  ofl  any  power  entering  motor  or  devices.  This  switch 
shall  be  placed  at  a  point  before  live  wires  enter  either  motor  or  device. 

Where  single  phase  motors  are  attached  to  lighting  circuits  of  110-220 


volts  sarvice,  3  wire  system,  the  lighting  load  should  be  evenly  distributed 
to  two  or  more  circuits  so  that  the  load  shall  be  equally  balanced  on  both 
sides  of  the  3  wire  system.  The  lights  hei^  connected  to  the  110  volt 
sides  while  the  motor  is  connected  to  tiie  2^  volt  side,  ae~  in  fig.  7^80, 


Pig.  T.3S1.— Wiring  diagram  for  motor  on  IIO  volt  UsbtiiiB  ciicuit. 

For  loads  of  lights  and  motors,  where  the  service  is  2  ^ 
use  diagram  fig.  7381,  making  a.  special  circuit  for  motor. 
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BRA55  PLATE. 
ON  ROCKER  ARM 


7,3S4.— Bell  NDgle  phue  moti 


e  an  four  ieids  .     . 

ect  leads  No.   1  and  2  (oeether.  an  .  _  _    .  _ 
ect  to  lines.    If  motor  is  to  opeiate  on  2:»  volts, 
taj»  them  up,  and  connect  No,  1  and  4  to  the  lines,  as  ir 
Ltion,  looiea  the  screw  that  holds  the  Tockvr-arm  that 
same  so  that  mark  on  brass  plats  on  rockeT-aim  is  oppo 
e  marked  R,  then  tighten  screw.    Por  left  hand  operation, 

nithcmt  belt  on  pulley,  and  see  that  it  comes  up  to  speed. 


terminal  block  and  method  of  connectiiur. 
diown.    If  motor  is  to  operate  on  110  volts, 

and  i  together  as  in  fig,  7,382.  and  then 

, .-'- "3.  a  and  3  leads  together, 

g.7,3'.3.    For  right  hand 


;o  bring  the  load 


id  up  to  speed,  it  has  ei 


n  tried  with  Inid  upon  same. 
■    load  upon  it.  or  the 

Be  fusel  large  euough 


Ui 
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The  rules  just  given  apply  also  to  Edison  three  wire  d  .c .  system . 
The  table  of  data  for  single  phase  motors  on  page  3,806-446 
gives  the  requirements  according  to  the  Code: 

Wiring  for  Polyphase  Motors. — Two  and  .  three  phase 
motors  are  practically  alike  in  principal  but  differ  in  their  wind- 
ings.   The  following  are  the  requirements: 

Polyphase  mohm  over  7H  *-f  ■ 
must  be  started  by  means  of  a 
startup  compensator. 

Motors  up  to  3  h.p.  may  be 

thrown  directly  on  the  line  by 

means  of  knife  switches;  from  3-5 

h.p.    special    starting     switches 

RHEOSTAT  ^^  »«»*  >«  "«=d. 


Running  fuses  cf  starting  com- 
pensators although  mounted  on 
compensators  must  be  enclosed 
in  metal  cabinets  the  same  as 
other  cabinets. 


COUPUHQ    RIGID  I 

CONDUIT       TO  TLEXJBLE 
TERMINAL  CONDUIT, 


FLEWBLC  COHOUn 

Pic.  7.3S6. — Hcthal  of  wiring  motor  ui 


NOTE. — Tnuaformar  Mist  for  m^ 

nton.     Pot  tha  larger  moton.  thg  ca- 

r  of  tfac  tTBDlfoimcii  in  fan.  ihinild 

tbeoutputofthematarinA,  ^.  Small 

_.-n  should  be  Bupptifd  with  a  Bomewhitt 

kTEer  trsnafarmo'  capuiiy,  especutly  if.  u 
ia  deaifAble,  tb^  be  expected  to  run  moet 
of  the  time  near  lull  load,  or  slight  over  load. 

■yvtemsrthfee  emele  phaAe  units  or  one  three 

Vbtat  twiwIOtiHer  is  very  compact  and  the 
wiring  limple,  but  the  advantage  of  luing 
thiee  single  pha*e  tisnifonnen  i«  that  in 
caae  oneburnoul.thamotormai'be  opcntod 
with  the  other  two  at  ivduced  apeed. 

g  rigid  and  flexible  conduit  between  rheoetat  wid 
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441-3^1 


All  frames  of  compeosators  must  be  grounded. 


KCrrCRAftMATUSE' 


XLLtCTOR  RINGS 
>.  7JBT.-^onnectioiuotailn^ph«iaaltcnutorandc] 


Thii  (ystcm  U  tued  pi 


Dutnde  wins  ii  1.41  more  Chui  the  voltagE  acrou  any  ol  t 
Ml  wire.  Sinsle  phaie  current  should  sever  be  tAlan  froi 
u  tliia  wiD  tmbaknce  the  line  and  cams  the  prims  mover  Xa 
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All  compensators  must  be  equipped  with  no  voltage  releases. 

Small  motors  of  3  h.p.  or  more  must  be  protected  by  a  no  voltage  re- 
lease circuit  breaker  in  the  mains  or  each  individual  motor  may  be  equipped 
with  a  no  voltage  release. 


J.^HASC  HICM  VOUTACt 

CCNCRATOR 

STAR    CONNCCTiON 


'     6    O    O    Q   7 


B 


tjGM  T  OA  f>OtMCR 
Sx  no  V 


CONNtCTrON  rOR 
OOHTINO    CIRCUIT 


p 


1^ 


^     3 

% 


TRAN^rORMCR 
TAR  CONNCCTlCN 
OR  POWV£R  ClR<tWTa 


SiNCuC   #»iiA9rc  n*v  MOTOR 
""BTMAY  BC  CONNCCtCO  T"  O 
ClTHCR*aOR"3 


Ms 


i 


I 


m 


i 


SINOLC  PMASe  MOTORS 
UR  TO  Vj  hP  »^AY  BC  USCO 
ON  THIS  CIRCUIT,  'a'  may 

ae  cOfJNeoTco  to  cithcr 

•  I  OR** 


sinclc  phasc  ato  V  motor 

•C:  M^  eC  CONNCCJCO  TO 
cithcr    »  OR  * 


3 .  PH  A  &e  laO  V  MOTOM 

TO  RCVCRSC  WRCCTiOM 
or   ROTATION    iT    l»  ONUV 
NCCC&SARY    TO  RCVCRSC 
TWO  OP  TMC    i.CAOa  AS 
'X"AN0'V' 


3 -PHASE  SYSTEM 
V-.  CONNECTION 

Fig.  7,389. — ^Wiring  diagram  showing  method  of  connecting  single  phase  and  three  phase 
motors  on  three  phase  mtar  connection  circuit. 


9  RHASe   HlOH  VOLTAQC 

OCMCRATOR 
OCUTA    CONNCCTIOM 


0   O   0   o   g 


p 


CONNCCTION  POR 
CiOHTiNO   OIROUIT 


i 


LIOHT  OR  ROWCR 

Y     S"  Hov 


W 


TRAN^PORMCR 
OeuTA  CONNCCTION 
FOR  POWCR  OMCWIT 


9INOUC   RMASC  no  VMOTOR 
"BTMAV  BC  CONNCCTCO  TO 

CITHCR  *2on*i 


u 


VlMCte  RHASC  MOTORS 
VR  TOy^^R  MAY  BC  USCO 
CN  THIS  CIRCUIT  "A*  MAY 
•C  CONNCCTCO  TO  CITHCR 
•lOl^l 


BINCM.C  RMASC  22VV  MOTOR 

"o'  may  bc  conncctfd  to 
cithcr'iorV 


J-PHA9C  219  V  MOTOA 

TO  RCVCRSC  OtMCOTlON 
OP  ROTATION   IT  IS  ONkT 
NCCCSSARV    TO  RCVCfISC 
TWO  OP  THC    i.CA09k  AS 
-X"ANO*V- 


3* PHASE  SYSTEM 
A  CONNECTION 

Pig.  7390. — ^Wiring  diagram  showing  method  of  connecting  single  phaa«  and  three  phase 
'  motors  on  three  phase  delta  connection  circuit. 
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Via.  7,392,— Diasnm  of  cmnectiiini  tot  three  phue  motot  YA  connection!. 
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Current  per 

Phaw  in  Motor  CircuiU 

K.P. 

n.v.. 

KOVrfU 

*«lVtlli                   1 

ii*. 

t(4. 

J-plL 

i-pk. 

j-pt 

3.P*. 

-fh. 

ti*. 

-1 

7H 

JL 

1 

IS 

1 

42E 

i 

! 
i 

il 

IT 

1 

I 

7a  D 

11 

jIL 

S2 

I     CO 
I    8S 

n.3 

i 

i 

1 

0 
4 
i 

I 

15. — <T«nerb]  Electric  oiiiRlB  pIvM,  c 
rd  direction  of  rotatidn  (£20  volU)  o 

!n.    For  110  volInUndBidroUtion.  _.   ._    __. 

>n  I  To  nvBH  atandard  loMtion,  (imptr  shift  yolce  ti 


t  line  leads  to  targe  te 


The  following  table  will  be  tovmd  useful  in  detenninmg  size  of 
wire,  carrying  capacity  of  fuses,  and  setting  of  drcuit  breakers;  it 
considers  the  average  efficiency  and  power  factor  of  the  motor  in 
each  case  and  indicates,  in  amperes,  the  current  flowing  in  each 
wire  of  the  motor  circuits: 
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SINGLE  PHASE    MOTOR 

WIRING 

DATA 

HORSE 

T 

4 

VOLTS 

AMPS 

SI2E  FUSES 
RUNNING 

Slit  FUSES 
STARTING 

SIZE  WIRE 

SIZE  cmm 

I  WIRES 

SIZE  swncN 

Ai/IP-3 

1  10 

4 

10 

10 

1  4 

'A 

30 

Z20 

Z 

5 

B 

14 

Vx 

50 

550 

.8 

5 

3 

1  4 

Vi 

30 

•• 

1 

i'  10 

,      7.5 

20 

20 

.12 

Vi 

50 

ZZQ 

;     3.75 

10 

10 

14 

Vi 

30 

550 

1.5 

3 

3 

14 

h 

30 

i 

I  10 

12.5 

15     . 

25 

10 

Vi 

50 

220 

6.25 

8 

15 

14 

h 

50 

550 

2.5 

5 

8 

14 

'^ 

50 

i 

no 

24 

25 

50 

6 

1 

60 

220 

12 

15 

30 

10 

J4 

50 

550 

4.8 

8 

10 

14 

Vk 

50 

5 

'-'UTT*' 

"•"54"'   • 

•-4:r 

7D 

'4- 

XYa 

rot) 

220 

17 

25 

35 

8 

1 

60 

550 

7 

10 

15 

14 

Jfe 

50 

4 

1  10 

45 

60 

85 

t 

li«» 

1  00 

220 

22 

30 

40 

6 

.  1 

60 

550 

9 

15 

20 

12 

% 

50 

5 

1  10 

55 

60 

125 

0 

\Va 

200 

220 

28 

35 

50 

6 

1 

60 
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1  1 

15 

25 

10 

h 

30 

>i 

WO 

80 

90 

ISO 

00 

z 

200 

MO 

40 

60 

75 

-       4 

\^ 

100 

550 

16 

20 

30 

10 

h 

30 

10 

MO 

10  5 

125 

200 

200,0  0  0 

z 

200 

220 

53 

60 

100 

1 

l'4 

100 

550 

21 

25 

40 

6 

1 

60 

15 

110 

145 

150 

25  0 

300t00  0 

z\ 

300 

220 

75 

75 

1  50 

00 

2 

200 

550. 

29 

50 

60 

4 

lK» 

60 

20 

1  10 

ZOO 
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5 

400 

220 

100 

125 

200 

200*000 

2 

200 

550 

40 

50 

75 

5 

1/4 

100 

25 

1  10 

250 

275 

500 

70  0,0  0  0 

Vtl 

600 

220 

125 

ISO 

250 

50  0.0  0  0 

Vli 

400 

550 

50 

60 

1  00 

1 

\% 

lOO 

30 

1  10 

295 

525 

550 

800,000 

ytx 

1000 

220 

148 

175 

300 

400,000 

I 

400 

550 

59 

75 

i  25 

0 

\1x 
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40 

1  10 

370 

400 

750 

1.20  0*00  0 

4>i 

1000 

220 

185 

200 

375 

500,000 

3 

460 

550 

74 

100 
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20  0,000 

2 

2  60 
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CABLE  SPUCING 


CHAPTER   114 


Cable  Splicing 


Due  to  the  adoption  of  higher  voltages  a  large  amount  of 
engineering  attention  has  been  given  to  the  general  problem  of 
joints  because  of  the  difficulties  under  which  they  have  to  be 
made.      Such  difficulties  are:   1,  the  necessity  of  working  in 


'om/i/c/or      //fSi//a//oj^ 


X 


S6^a/fi 


/VWSA/NA 

Fig.  7,396. — ^Diagram  of  experiment  showing  discharge  between  cable  conductor  and  sheath. 
When  high  voltages  are  applied  an  electric  dischainKe  will  take  place  between  conductor 
and  metu  sheath  which  in  a  dark  room  will  be  indicated  by  a  glow  of  light  (corona  effect). 
This  causes  the  formation  of  onofne  which  tends  to  destroy  the  insulation. 

cramped  positions  in  moist  manholes,  2,  the  lack  of  positive 
control  of  the  workmanship  in  making  joints,  and  3,  the  re- 
quired niceties  in  the  work  of  handling  and  installing  the  con- 
ductors themselves. 

Also  a  great  deal  of  attention  and  study  has  been  given,  not  only  to  the 
materials  by  which  the  cable  itself  is  instilated  but  also  to  the  question  of 
securing  a  suitable  compound  with  which  to  fill  the  joints  of  the  cable. 
Obviously  the  standard  of  dependability  of  the  joint  must  be  equal  to  that 
of  any  part  of  the  cable  itself. 
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A  chain  can  be  no  stronger  than  its  weakest  link,  and  the 
weakest  links  in  a  cable  system  are  apt  to  be  the  joints  unless 
the  latter  are  made  with  the  greatest  care. 

On  the  average  there  is  about  one  joint  for  every  300  feet  of  lead  covered 
underground  cable  installed  in  the  various  duct  systems  throughout  tho 
United  States,  liiere  are  of  necessity  a  large  number  of  joints  in  an  under- 
ground cable  systems  of  even  moderate  size. 

One  of  the  most  widely  used  methods  of  insulating  joints  on  cables  is  to 
first  wrap  (after  the  metallic  conductors  have  aeea  properly  soldered 


397. — Staodud  >Btuiated  wper  lomtinti  tubes-  In  makings 
ed,  compressed,  TnAchiae  laid  paper  is  used,  thoroual^ly  satiu 
IB  compound  similBT  to  that  used  in  high  voltage  paper  insulate 


Pio.  7.397. — Staodaid  aatuiated  wper  jomtinti  tubes-    /n  makings  specially  p 

treated,  compressed,  raachino  la--" ■-  — ■■    •■'— — '-' -  — ■ ■•  ■ — ■- 

lutiDB  compound  similar  to  that 
the  Dutaide  with  an  inaulatine  « 


discbaiices.      Thecc 
~ "    -\  the  cninectoi  anu  me  G&me  bcihuu^,  uilu  lu  i 
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Pic.  73m.— Coble  tplUinn  irith  Ozlie.- 1.  Rinweiat  tlie  Itai  sheaik.  The  cable  endi  having 
been  biought  into  posilion  and  cut  off  square  so  as  to  just  nicely  butt  logetber.  they  should 
be  marked  at  the  point  to  which  the  lead  i^  ttj  be  removed  which^ihould  be  approximately 
7  inches  baclc  fiQm  the  end  of  one  cable  and  10  inches  back  [mm  the  end'ol  the  other,.    At 

accomplish  this  result  with  a  plumbers  chipping  knife  and  hammer.)  Ths'lead.  is  then  cut 
lengthwise  of  the  cable,  from  the  circular  score  to  the  end  wilh  the  cluMlHia,fc«e.and  the 

mgriio  lead  m  ™not  fomjure  Uje  ciSileTiisulation  .""ThTcimimfercatikl  cjftjafeuld'bl'^de 
by  nicldng  the  lead  only  part  «hy  throuEh  and  then  tearing  or  pulling i»<lparic. with  plien. 
The  longitudinal  cut  should  be  made  by  insenini  the  knife  tangcntiaUyivil^  the  inside  curve 
of  the  lead  sheathing,  that  is.  so  that  the  knife  will  pass  between  the  ifuulation  and  the 
lead  and  not  cut  the  insulation.  After  the  lead  has  been  removed,  the  edge  of  the  lead  sheath 

might  penetrate  the  cable  insulation,  removed  with  a  Imife.  1%e  ends  of  thesh^th  should 
then  be  slightly  belled  out,  using  some  blunt  instrument  such  as  the  end  of  the  pliois.. 


-CabU  •pUcing  with  Ozlte:  i.     Rimming  IIk  injuWio 

«  OikI  (Jmiiaf  Iki  tontliut- 

fh^innerSye™"S  bel?inju^ttoS°aho.lid  b^  t^'^dfe 

insulation  of  individual  conduetora.    Pull  jute  fillers  bs 
Id  of  belt  insulation.    The  individual  canductnrs  will  n 

ow  be  found  to  be  about 

jnger  on  one  cable  end  than  on  the  other.    Strip  the 

individual  conductors  of 

sleevg.      Tin  conductors 

■  with  hot  solder  appUed  with  a  ladle  as  shown. 
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together)  each  of  the  exposed  sections  at  the  joint  with  some  form  of  insulat- 
ing tape  which  is  built  up  in  successive  layers  to  the  desired  thickness.  After 
the  conductors  are  insiilated  singly,  there  is  a  further  belt  of  insulation 
wrap^ped  around  the  outside  of  the  three  conductors  in  the  same  manner  as 
the  msulation  placed  on  the  individual  conductors.  These  wrappings 
although  they  may  be  put  on  as  carefully  as  the  limited  facilities  m  the 
field  will  permit,  cannot  be  apfdied  as  tightly  uniformly  or  with  the  same 
certainty  of  the  highest  grade  of  workmaniiip  as  the  insulation  on  the 
undisturbed  section  of- the  cable.    The  various  uncertainties  that  creep 


I  mplicing  icith  Oxlte:  3.    PuUing  on  liad  sUne  awf  paptr  tabes,  and  sviut 
""      "      "    '  ''''"'     ^  bo  used  for  jointing  ehouli 

■■  '  "      -leaned  portioi 


the  lead  slec^,  pnspared  as  described  above,  over  one  of  the  abuttmg  ciida  of  t! 
and  move  back  out  of  the  way.  Thread  larse  enclosing  joint  tube,  when  used,  i 
cable  end  and  push  back  out  of  the  wav.  Thread  Bmalfjointine  tubes  over  the  in 
conductors  o£  tlio  longer  cable  eud  and  push  back  tar  eacugh  to  leave  the  bare  a 


he  copper  connector  keeping 
Dt  file  off  fit         "  " 


into  the  making  of  cable  joints  in  the  field  are  due  partly-  to  the  cramped 
conditions  under  which  such  joints  are  made,  the  occasional  unfavorable 
weather  and  the  impossibility  of  always  insuring  the  first  class  quality  of 
material  and  workmanship. 

Effects  of  Air  Pockets. — An  additional  factor  of  vital  im- 
portance,   btit    not    affected    by  either    moisture   or    careful 
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workmanship  is  the  necessity  of  excluding  all  air  from  the 
wrapped  insulation  as  it  is  biiilt  up,  or  from  the  space  within 
the  sleeve  which  is  supposed  to  be  entirely  filled  with  compound. 


Pig,  l.Ua.—CmbU  tplMnt  with  Oillei  4.    BoOiKt  oni  t 

and  cAflily  impnt^tuted  cott«n  t»p«.  Apply  umiUr  tape 
nectot  for  iu  entin  lotEth.  Boil  out  tape  &Dd  adjactnt 
inculatioB  compound.  As  the  tape  must  twve  its  moistun 
And  be  tmrroughly  impregnatal  Dcsida,  QDthing  but  vcr 


the  coiq>er  coa- 
Oy  with  -Oiite" 


L 
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The  result  is  occasional,  althov^h  small  air  pockets  in  the  insula- 
tion which  invite  the  slow  formation  of  ozone  and  consequently 
ultimate  deterioration  due  to  the  resultant  chemical  action. 

The  net  result  with  the  best  of  workmamhjp,  material  and  conditions  is 
tmcertain  as  to  the  dielectric  quality  of  the  joint.  This  imcertainty  is 
particularly  emphasized  in  the  higher  volti^e  cables  due  to  the  more  ia[nd 


Function  of  Compounds. — This  was  formerly  thought  to  be 
that  of  an  insulator  which  could  be  put  in  place  in  liquid  form 


PIQ.  T.IOS,— Cabia  ^Iklnf  uUh  Ozltti 
JoiM-  Mov«  lead  tleeve  into  proper  pi 
tluAthing  of  thfl  Abutting  cabfet.  Pre: 
■hathing.  Wips  joint  betwnn  ileeve  i 
inch  from  the  lioe  At  which  the  ileevo  an 
on  top  of  the  lend  tieeve.  One  of  ths 
for  it*  oveiflow.  The  one  eelected  foe 
paper  tubea  and  *o  located  that  ths  at 
of  the  jointed  cable. 

and  which,  when  so  placed,  could  be  sealed  in  against  the 
possibility  of  escape. 

No  further  requirements  were  conradered  necessary.  Later  investigation 
however,  has  shown  that  the  problem  of  preventing  the  occurrence  of 
voids  and  air  bubbles  is  one  of  the  greatest  importance,  because,  due  to 
corona  effect,  ozone  is  formed  in  these  air  bubbles  and  this  formation 
results  in  a  slow  chemical  deterioration  of  the  insulation. 

Cable  Insulation. — Underground  transmission  cables  as  now 
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manufactured  are  insulated  with  paper  tape  applied  evenly  in 
several  layers  to  build  up  the  desired  thickness  and  then  impreg- 
nated with  rosin  oil  compound. 

Tests  o£  this  kind  of  insulation  indicate  that  owing  to  characteristicB  of 
the  rosin  oil  compound,  the  critical  temperatureabove  which  a  cable  cannot 
be  salely  operated  is  between  70°  and  80°  C.  (158"  to  176°  F.).    Beyond 


than  the  other.    As  it  a  nccesi     .       , 

■hould  be  serened  inta  the  Ellmg  hole  Bt  tfie  tower  end  of  ths  joint.  This  cup  or  f uonel  miiE> 
be  long  enough  to  bring  its  top  on  a  higher  level  than  the  overflow  hole  in  the  other  end  of 
thesleev*  when  the  joint  is  in  the  inclined  position.    The  object  in  placing  the  joint  in  tho 

tuto  upward*  in  the  naturaTdirection  and  awsy  from  ths  soldered  jniat*.  the  hand  applied 
insulatLog  tape  and  tubes.  The  ^'Ozite'^  insulating  compound  having  been  heated  to  the 
pouring  temperature  indicated  on  the  label  on  the  container  (which  tempetature  should 
bedet^mined  by  thermometer)  it  should  be  poured  slowly  and  steadily  into  th«  fillicig  fun- 
Del  at  the  lower  end  of  the  lead  sleeve.  At  least  two  or  three  gallons  oC  compound  Bhoijd 
be  ullowed  to  flow  through  ths  overflow  hole  or  until  the  portion  overflowing  it  entiidy 
free  from  bubbles.  The  joint  should  not  be  allowed  to  settle  for  at  kast  four  or  five  houTS 
cold,  covered  with  a  canvaa  pad,  oil  cloth  or  other  protection  from  cold  air,  dirt  moisttire. 

cracldng  of  the  soldered  wipe,  the  lower  end  should  be  raised  so  that  the  joint  is  levrd,  for 
further  settling,  and  the  jomt  placed  in  its  permanent  racked  position.  The  joint  having 
thoroughly  settled  and  cooled.  reflU  it  through  the  aame  fllling  hole  as  before  so  as  to  fill 
u|i  all  air  spaces  due  to  shrinkage  in  the  original  filling.    Solder  up  the  filling  boles  and  the 


Unsatisfactory  Compounds. — Hard  or  waxy  compounds 
are  unsatisfactory  fillers  as  they  require  very  high  temperatures 
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keep  them  in  a  fluid  state  so  that  they  will  run  freely  into  all 
xts  of  the  joint,  and  high  temperatures  as  already  explained 
e  to  be  avoided  as  far  as  possible,  so  as  not  to  endanger  the 
sulation  (rf  the  cable,  particularly  the  insulation  lying  directly 


il«s  tube.  fig.  7.vn.  and  three  (inuSrir 
.    The  Bevnnl  jiuts  nhen  sswmbM  oa 


unong  the 


7,U1. — CaMatpllcbta  allh  Conducelk  t.  Rtiniting  Iht  hoi 
It  intddiia  the  lead  wiuia  glumbn's  chipping  knife,  artbditt 
« lead  and  thus  dams«  the  uuulatioa  on  Uu  cable,  and  then  b] 


ladamue  i 
lowtotLa 


Rtiniting  Iht  hoi ititaA.  Thiaudonat* 
'  rinf  lotai  not  to  cut  throius 
D  bv  cutting  the  lead  ICPgUf 


previousL/made.  ^Innuudng' 


UkeaU  tM  that  th*  toufs  mil  na  betveeu  the  insnlatKni  and  the  l«a  ihettn  ana  not 
tha  isnlation.  The  lead  ahBatti  hanng  been  temoved,  the  end  c4  the  lead  ihonld  be 
EfiUy  ■»--l~<  and  all  aharp  p<Hnta  or  cd^ee  renuived.  if  not  aofEicientlr  bdled  in  tho 


J 
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in  front  of  the  filling  hole,  against  which  the  compound  is  poured 
at  its  highest  temperature. 

Excluding  Moisture  In  Joint  Making. — Moisture  in  the 
material  of  the  cable  itself,  or  on  and  in  the  copper  connectors 
tapes,  insulating  tubes  and  lead  sleeves  must  be  thoroi^hly 
removed  and  thereafter  kept  away. 


Pic,  T.112. — CoM*  mpltclnt  with  CinductUi  H.  Rtmsplitt  "kc  faifr  bdl.  TIw  outs 
pH.p«  belt  cm  each  Beetioo  U  temoved  by  first  alialitly  scoring  it  and  then  sVBfully  cutting 
or  pTcfeiab])r  tearing  it  uS  to  the  Bcored  point;  lul  ttaeae  precantioiia  mi«  token  to  u  not  to 


Pig.  7,413. — CabU  MpUctne  with  Conducetlt  lit.      Ptaci*l  l»  pontion  On  outer  fvi<.  boJ 
defpe,  spoits,  cotfpef  comtaions.    The  conductoiv  are  nov  spread  apart  slightly  lo  as  to 

of  these  pieces,  in  bcndirig  or  tonning  the  conductors  I'hile  preparing  the  ends,  it  ii  sug- 
gested that  afonningpiecemadeoffibraorsonwotherguchmstenftlbepiovided.  Thsfiguie 
shows  the  lead  sleeve  and  the  outer  tube  of  the  Conducell  toaethef  with  the  porcelain  spac- 
ing piecea.  The  insulation  an  each  at  the  cooducton  of  both  aectJoni  having  h«ea  wcurelr 
tiM  with  (vine,  iscutentirely  through  to  thscoppeiitraad,  and  the  bad  sleeve  placed  ovar 
one  end  of  the  cable,  the  outer  CtmductU  sleeve  over  the  other  end^  The  tapered  uopper 
connectiona  are  then  applied  and  soldend  care  being  taken  to  remove  afl  auiplua  tniatt 
and  sharp  metatlic  points  after  the  connecton  are  soldered  and  the  paper  innilMion  on  eaiA 
conductor  is  then  carefully  tapered  so  as  to  avoid  any  sbarp  point*  or  comexi. 

Moisture  may  result  from  many  causes  sitch  as  persfnrtition  on  the  liands 
□f  the  jointer,  drippings  from  the  wall  or  roof  of  the  mWiole  or  room  in 
which  the  joint  is  made,  condensation  in  a  damp  atmosphere  upon  the 
materials  and  tools  used  in  jointing  and  on  IJie  cable  its^.  Moisture  may 
be  guarded  against  by  having  the  jointer  keep  his  hands  dry,  by  protecting 
the  joint  agamst  drippings ,  and  by  warming  the  tools  and  materials  to  a 
temperature  \?hich  will  prevent  condensation. 
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A  convenient  method  of  protecting  the  tapes  or  other  fibrous  insulating 
materials  against  moisture  m  the  air  is  to  have  a  metal  bos  with  a  cover, 
Med  with  transformer  oil  in  which  they  can  be  immersed.  The  small 
tools  may  also  bo  immersed  in  a  similar  mamier.  Peculiar  local  conditions 
may  produce  dangers  front  moisture  from  sources  other  than  those  men- 
tioned. These  conditions  must  be  carefully  studied  and  methods  provided 
for  guarding  against  their  bad  effects. 

Geneial  Joindi^  Instructions. — After  the  interior  of  the 
cable  and  the  copper  connectors,  tapes,  tubes,  etc.,  used  in 
making  the  joints  have  been  exposed  to  the  atmosphere,  all 


Pic.  7,414. — CabU  mpllclna  tetth  Conduflt:  tV,    Ceil  aiumbty  held  in  plus  by  ths  por- 
cetuQ  •pBcers  and  n»Ay  foi  the  outer  tube  to  be  diaira  over. 

Operations  should  be  carried  through  as  rapidly  as  possible  con- 
sistent with  good  reliable  workmanship. 

A  little  care  in  this  direction  will  greatly  reduce  the  opportunity  for  the 
entrance  of  moisture  into  the  )oint.  When  the  joints  are  made  on  a  cable 
installed  directly  in  a  trench,  as  in  the  case  of  armored  cable ,  a  large  roomy 
eiccavation  shomd  be  made  where  the  joint  is  to  be  installed,  and  the  bottom 
and  sides  of  this  excavation  covered  with  a  good  sized  tarpaulin  or  piece  of 
clean  canvas  so  as  to  prevent  dirt  getting  on  the  joint  material.  Only 
the  most  skiUed  workman  can  produce  reliable  joints,  particularly  where 
the  working  voltages  are  high.     Only  proper  tools,  carrfully  maintained 
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incondition,arepermissibteandthey  must  be  kept  clean  and  dry.  Knives 
or  cutters  used' for  cutting  the  insulation  ehould  be  kept  sharp  so  that  tha 
insulation  may  be  cut  readily  without  tearing. 

The  removal  of  the  lead  sheath  must  be  performed  in  such  a  manner  as 
to  absolutely  prevent  any  cut  or  indentation  in  the  insulating  belt  under- 
neath. Lead  cutters  or  chipping  knives  should  be  used  so  as  to  cut  the 
lead  without  producing  an  indentation  in  the  underlying  insulation.  The 
belt  insulation  must  also  be  carefully  removed  ana  cleanly  cut  so  as  to 
avoid  any  cutting  of  the  insulation  on  ;tli«  insulated  conductor;  »ud  fitiaUy. 
in  taking  off  the  insulation  from  the  conductor,  strict  attention  must  be 
paid  by  the  jointer  so  that  no  cuts  or  nicks  are  made  on  the  bare  copper 
conductor. 


provided 

__ _  _  Ki"tS^"»n"theDe™!^  though  which 

the  joint  is  filled  should  be  large  go  as  to  permit  of  the  compound  beiB^  readily  pouped  and 

means  hr  raisina  the  level  of  the  compound  above  the  level  of  the'  lead  sleeve  so  as  to  imurs 
that  the  joint  will  be  completely  filled.  Ai  a  ready  means  for  providing  large  filing  hole* 
and  a  higher  level  for  the  compound  the  spei:ial  tools  shown  in  %s.  7,417  to  7,420  have  been 
devised.  Irt  flfng  fhviofnC,  the  compound  ahould  be  poured  into  the  joint  slowly  thioDflh 
two openingaandat about  140° C.[284'P.).  Pourorfivepourinnatintervalgofaminuteor 
two  each  sHould  be  made.  To  positively  insure  a  completely  filled  ioiat,  experience  hu 
shown  tha.t  facilities  must  be  provided  fot  the  escaiM  of  the  pases  which  are  geoerated  wlien 
pouring.  For  this  reason  the  openings  through  which  the  joint  is  filled  should  be  large  aa 
as  to  permit  the  com^und  to  be  readily  poured  and  also  to  provide  meaoa  for  the  free 
escape  of  the  gases.  Furthermore  it  is  most  desirable  to  provide  a  means  by  which  to  raise 
the  level  of  the  compound  above  the  level  of  th«  lead  iloeve  if  a  completely  filled  joint  is  to 


Solder  and  insulating  compound ,  as  well  as  the  pots  and  kettles  in  which 
they  are  melted ,  must  be  carefully  watched  and  constant  attention  given 
to  them,  so  as  to  avoid  the  presence  and  accumulation  of  dirt  and  foreign 
matter  of  any  kind  in  these  very  important  materials.  A  very  ^gbt. 
cjuantity  of  metallic  particles  or  other  more  or  less  conducting  materials, 
in  the  insulating  compo\md  which  is  poured  into  a  joint ,  will  often  result  in  r 
breakdown. 

Making  the  Joint. — The  various  operations  to  be  perfonned 
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in  joint  making  are  illustrated  in  the  accompanying  series  of 
cuts  entitled  "Cable  Splicing  with  Ozite,"  these  operations 
being  fully  described  under  the  cuts,  and  also  in  a  second  series  of 
illustrations  entitled  "Cable  Splicing  with  Conducell,"  being 
the  instructions  given  by  the  manufacturers  of  insulating  com- 
pounds known  by  the  trade  names  "Ozite"  and  "Conducell." 


loob  mid  fat  iSi'j  tartan. 
By  perfomunfl  twp  umpla 
operations  with  tb«de 
tooli.  ft  bou  is  raised  aod 


ca 


ig  cut  or  punched  from  Ibi  •crapTead  whieh  w 
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CHAPTER  115 


Sign  Flashers 

There  are  two  advantages  in  favor  of  using  a  flasher:  1,  it 
causes  the  passerby  to  look  at  the  sign,  and  2,  reduces  the  cost 
of  electricity,  because  the  lamps  are  switched  off  periodically. 

There  are  numerous  kinds  of  flaslier ,  and  they  may  be  classified ; 
according  to  construction  of  the  switch  contacts,  as: 

1.  Carbon  2.  Brush  3.  Knife 

CONTACTS 


Fio.  7.421.— Dull'*  carbon trps&uher.  This  is  B  mun  line  flaiher:  ttut  ii,  it  ii  let  into  tlw 
rniia  wins  instead  ot  CAttyins  dona  axh  circuit.  The  ciicuits  are  opened  and  cloud  on 
carbon  contact!,  innforced  with  •tindanl  IcmEe  iwitchu.  The  bladet  ate  opened  and  tbe 
cnrnnt  broken  by  gnvitir  alone.    Each  iwitch  can  be  made  to  bold  the  Ughta  for  any  paiiod 

from  18%to81%o(«revolut»>no(theiha£t.   Theycanthtowonthecir-  '- — '— '- 

oi  aQ  on  and  all  oA  tccether.  Anin,  the  circuit*  may  be  cloaed  protrrc 
■  leir  •econd*.  and  tben  be  opened  ptocfewivet)'.  No  circuit  or  cucuitac 
thas  one*  Bar  lerokitloa. 
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n,  writh  respect  to  operation  or  the  electrical  effects,  they 
be  classified  as: 

1.  Simple  on  and  off  4.  Script  7.  Carriage 

2.  Highspeed  5.  Chaser  8.  Talking 

3.  Lightnii^  6.  Thenno  9.  Electric. 

arbon  Flashers. — In  this  type  of  flasher,  carbon  breaks 
provided,  that  is,  the  arc  which  is  formed  when  the  circuit  is 


o£  wiring.    The 


T,4£4. — Winns  dusnml  for  DuU'i  mibon  flashcn.    Tig.  7,122.  unul  method 

"--  '--*  "  "--'inced  by  lunnirg  the  neutral  wire  around  the  machioe,  to  ths 

de  "k^"  only  r^a  220-110  volt  Kitstem.    Whila  thii  method  ol 


,  lechdically  a  viglation  o) 


cuits  of  moR  than  060  watts  must  be  broken  double  pole.  IE  the  load  be  baUnced  then 
would  be  douhlo  pole  break  at  220  volts,  and  ths  lamps  would  be  in  series,  but  if  the  load 
be  not  exactly  balanced,  there  would  be  single  breaking  to  the  extent  of  the  amperes  over 
the  average  belaoce.  In  other  words,  it  is  a  double  break  and  it  is  Tiot  according  to  eircutn- 
stances,  and  tha  use  of  thia  machine  wired  as  above  is  a  matter  that  should  be  taken  utJ 
with  tiie  local  inspectol  befoie  installing.  Fis.  7.123.  diagram  toT  connecting  a  stiaight 
two  wire  cubon  flathet  on  a  two  wire  system.  Fig.  7.421,  diagram  for  connecting  a  maisbt 
three  win  caibon  flasher  OQ  a  tbre«  wire  system  and  brealdng  the  neutlal. 

broken,  falls  on  carbon,  while  metal  switches  are  provided  to 
cany  the  load ,  Thus  the  carbon  gets  the  arc  which  prevents  the 
switches  burning,  while  the  switches  cany  the  load  to  prevent  the 
carbons  becoming  heated  and  disint^rated.     The  carbons  must 
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be  adjusted   occasionally 

■  according  to  the  load 
;  they  are  carrying.  Carbon 
'  machines  are  made  either 
'■    double,    triple,   or    series 

■  break. 

Brush  Flashers. — 

These  machines  are  pro- 
vided with  brush  contacts. 
These  bear  on  cams  con- 
I  stituting  a  drum,  and 
they  are  usually  made  of 
several  strips  of  copper. 
^rush  flashers  are  gener- 
ally used  for  spelling  out 
signs  one  letter  at  a  time, 
or  work  of  a  similar  , 
nature. 

Knife  Flashers.— This 

type  of  construction  is 
cheaper  than  the  carbon 
'  type.  The  switches  are  of 
the  knife  type  with  metal  i 
contacts.  One  manufac- 
turer states  that  it  is  not  i 
advisable  to  build  knife 
flashers  for  more  than  15 
amperes  per  double  pole 
switch,  as  they  cannot  be  j 
depended  upon  to  break  i 
a  greater  load  for  any  j 
length  of  time.  j 


SIGN  FLASHERS  4«5  -  3^25 


Simple  On  and  Off  Flashers. — These  are  used  for  flashing 
whole  signs  or  heavy  loads  on  and  off.     A  flasher  of  this  type 


WORD  and  tMtt  gcarins.  Inm  cuna  ore  ssed.  the  cumnC  beinH  ulun  there! 
bnuhe*.  provided  with  Btiffenen,  The  wiring  for  the  mAchme  ia  Eimple;  4 
be  run  on  (UK  win.  A  border  or  ornament  conCainbig  IflO  lamps  lEquim  12 
the  nan  and  flsdier.  The  fla*bef  is  muleint  ewitchEiies  onlv.  vii.:  No.  4. 
Tliia  I*  due  to  the  fact  tlwt  then  an  thne  parts  of  light  to  ona  of  da[kne>><. 
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Fics.  7,4»  *nd  7,430.— Wiring  dUcnmu  for  high  ipeeds, 
on  K  »poLed  whe^  containinT  mora  lampi  in  the  nm  thi 
nmlanipamust  bacoiUBCtedto  thaftpoln  circ"'"  —  *' 
equal  ths  number  of  tpokei;  otherwiw,  ths  lin 


HETURM  m  NtUTMl  WIRE 


ii  A. 


>r  high  Epoed  effects  on  BinglB  lines.  This 
n  the  case  of  a  travelling  border,  whether 
-•-jn,  begin  numbering  ei-"- '  -■ 


TO  FLASHER 
Fig.  T.Ul.— Diagram  ihoving  method 
wiring  diagram  would.be  cerried  out 

it  be  straight  or  otherwise.    In  theci— .  . — „-^ „  — ^ 

bottom  and  carry  out  the  aame  achsme  to  the  end  of  that  atream.    When  sc 
an  parallel,  all  the  lamps  may  he  connected  in  a  row  the  Bame  »a  though  they  weiB  an  indi- 
vidual lamp.  _Cara  ihould  be  taken  not  to  get  mora  than  twenty  No.  1  lamps  on  a  circuit. 

>.  1  lamps  from  each  effect  to  the  lama  No.  1 

r»r/r«(inM,  in  a  flame  effect'with  sixteen  No.  1  Um^,  (out  No.  1  laioin  could  be  t^er^ 
m  the  straight  bolder,  and  put  on  the  aame  wire,  and  the  effect  would  coma  out  ri^t.  The 
spanngs  for  high  ipeed  eflecis  vary,  according  to  Che  biie  of  the  sign.  TiaveDing  borden 
around  an  ordinary  sign  3X10  feet  should  have  their  lamps  spaced  about  six  inchea  apart. 
In  a  fountain  fifteen  feet  high,  the  lamps  should  be  spaced  about  nine  inches  apart.. 


SS'Tf&'S 


y  No.  I  av 
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;s  essentially  of  a  revolving  double  pole  switch  with  re- 
:  gear  and  connection  to  a  small  motor  for  operating  same. 

machine  may  have  only  one  switch  or  any  number  of 
es.    The  connection  to  motco'  may  be  by  belt  or  chain, 

motor  may  be  directly  connected  to  the  worm  gear. 

h  Speed  Flashers. — Machines  of  this  type  are  used  for 
what  is  generally  known  as  high  speed  effects,  such  as 

DRIVE  PULLEY  „„„„ 


12. — ^gn  fUsher  tmumiBkni  searing.  The  view  *hana  an  oil  ti^ht  gen  cue  with 
ilste  removed.  The  gain  are  equipped  with  boll  bearingi  and  run  m  BTSphile  greue. 
4ni  o£  the  worm  |[ear  the  large  fip^ed  reduction  neceuary  between  the  oaoher  ihaft 


lins,  water,  steam,  smoke  and  fire  effects,  whirling  borders, 
"ing  wheels  and  work  of  a  similar  nature. 

jitning  Flashers. — These  machines  are  for  giving  the 
ranee  of  a  streak  of  lightning  going  across  a  display.  There 
■y  little  expense  attached  to  their  operation,  because  not 


3^8  -  468 


SIGN  FLASHERS 


more  than  two-thirds  of  the  lamps  are  turned  on  at  one  time, 
and  this  number  for  only  about  one-sixth  of  the  time,  as  com- 
pared with  the  sign  burning  steadily. 

Lightning  strokes  can  be  utilized  in  various  wajrs,  either  alone  or  with 

other  advertising  pieces.  Alone  they  can 
be  placed  along  a  cornice,  across  the  front 
of  a  building,  up  and  down  the  comers 
leading  to  a  doorway,  etc.  They  can  be 
used  in  the  center  of  a  sign  with  letters 


Fig.  7,434. — Wiring  diagram  for  flags.  These  may  be  wired  for  high  speed  flashers  by  gradu- 
ally increasing  the  lamp  centers  between  the  vertical  rows  from  the  flag  staff  to  the  end. 

Fig.  7,435. — Method  of  wiring  for  a  torch.  This  wiring  diagram  gives  the  correct  method 
of  wiring  smoke,  flames,  steam,  and  water  effects.  It  may  be  the  name  in  the  top  of  a  torch 
as  here  shown,  liquid  pouring  out  of  a  bottle,  smoke  rising  from  a  dgar,  or  dust  behind 
an  automobile  wheel.  The  only  difference  being  in  the  direction  each  goes  and  the  outline 
of  the  iMink  of  lamps.  Wire  the  lami>s  in  unequal  lines  across;  avoid  any  straight  lines, 
because  it  gives  a  mechanical  effect  which  is  not  natural.  If  the  effect  be  to  rise,  mark  the 
lower  row  No.  1,  the  next  row  above  No.  2,  etc.  Pick  up  all  the  No.  1  rows  untu  there  are 
twenty  lamps,  and  attach  them  to  No.  1  wire  which  will  go  back  to  any  No.  1  switch  on 
the  machine.  Do  the  same  with  the  other  numbers.  Do  not  overload  hne  as  this  will  de- 
crease the  life  of  the  contacts. 

above  and  below .  In  this  case ,  it  is  best  to  alternate  the  stroke  with  the  let- 
ters, that  is,  flash  the  wording  on  and  then  off.  As  soon  as  it  goes  out,  the 
stroke  flies  across  in  the  dar£iess.  then  the  wording  comes  up  again,  say 
six  times  a  minute. 

In  the  case  of  a  sign  already  in  use,  on  the  front  of  a  building  or  over  the 
sidewalk,  a  stroke  can  be  placed  leading  to  the  sign  from  any  point  above. 
The  flash  goes  down  and  when  it  hits  the  sign  the  latter  lights  up,  holds  a 
few  seconds,  goes  out,  and  repeats  about  four  times  a  minute. 

Lightning  flashes  are  not  usually  constructed  for  heavy  loads,  the  one 
shown  in  fig.  7,433  being  designed  for  two  amperes. 
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Chaser  Flashers. — ^This 
class  of  flasher  is  designed 
to  operate  signs  whose 
lamps  are  arranged  to  give 
the  effect  of  snakes  chasing 
each  other  around  the 
border. 

This  peculiar  effect  is 
produced  by  having  a 
separate  wire  and  a  sepa- 
rate switch  on  the  flasher 
for  each  two  lamps  in  the 
border. 

The  mechanism  so 
arranged  that  when  the 
tenth  lamp  is  lighted  (as- 
suming the  snake  to  be  ten 
lamps  long)  the  first  lamp 
goes  out. 

When  the  eleventh  is 
lighted,  the  second  goes 
out,  etc*,  progressing  in 
this  way  around  the  entire 
border. 

In  operation,  the  lamps 
are  turned  on  and  off  so 
rapidly  that  it  produces 
the  effect  of  snakes. 


It  is  not  advisable  to  build 
these  signs  small  nor  cheaply, 
as  in  order  to  produce  the 
desired  effect,  the  curved  path 
taken   by  the  snake    should 
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cover  at  least  10  inches  width,  which  would  mean  a  total  of  20  inches 
lateral  space  for  the  snake  in  addition  to  the  electa  letters  in  the  center. 
In  order  to  get  the  proper  effect,  the  sign  shotdd  be  at  least  ten  feet  long. 

Chaser  signs  are  expensive  because  of  the  care  required  in  their  construc- 
tion, large  amount  of  wiring  necessary  and  large  flasher  required. 

There  are  several  ways  of  operating  these  signs.  The  border  is  generally 
working  continuously,  while  the  center  can  be  flashed  or  not,  as  may  he 
desired.  Flashing  the  wording  reduces  the  current  expense,  which  offsets 
in  a  measure  the  extra  cost  of  the  sign.  The  border,  although  working 
continuously  consumes  very  little  current. 
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Fig.  7,438. — Chaser  wiring  diagram  for  two  snakes.  Draw  a  line  diagonally  through  the  sign 
(as' shown  in  dotted  line)  so  that  one-half  the  total  lamps  will  be  on  either  side.  Begin  to 
number  from  one  consecutively  to  the  line.  Over  the  line  commence  again  at  1 ,  and  number 
as  befoi^.  For  three  snakes,  divide  total  lamps  into  three  parts  and  number  as  before 
In  each  coBe,  connect  all  lamps  of  the  same  number  to  the  same  wire  whether  the  sign  be 
single  or  double  face.  The  wire  containing  all  the  No.  1,  lamps  goes  to  the  No.  1  switch  on 
the  flasher,  and  the  remaining  sets  are  connected  similarly. 


Script  Breakers. — Flashers  of  this  type  are  used  for  break- 
ing large  script  signs,  one  socket  at  a  time;  that  is,  each  lamp 
is  lighted  one  after  another  until  all  are  on.  After  a  few  seconds 
they  all  go  out  simultaneously  and  repeat.     This  ffives  the 
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appearance  of  an  invisible  hand,  writing  the  name  in  the  dark- 
ness, and  is  very  effective.  The  result  can  be  accomplished 
only  with  script,  and  to  get  the  proper  effect  the  smallest  letter 
in  a  sign  should  be  not  less  than  two  feet  high;  the  larger  the 
letter,  the  better  the  effect. 

Script  breakers  are  also  used  for  fancy  border  signs  of  other 
kinds,  and  in  order  to  produce  these  results,  it  is  necessary  that 


Pig.  7,480. — Thermo  dasher.  It  conaUtm  of  two  metal  strips,  one  of  twass  and  the  other  of 
iron,  about  5"Xfi"X^/n"  each.  The  brass  strip  is  provided  with  a  winding  of  fine  wire  over 
asbestM  and  the  two  strips  axe  connected  to  the  bfl^  as  ^own.  One  terminal  of  the  wind- 
ing is  connected  to  J,  and  the  other  end  to  M.  At  the  end  of  the  strips  is  a  small  contact 
screw  N,  with  locknut  O,  and  below  is  a  contact  plate  L,  fastened  to  the  base  and  terminal 
post  R.  The  flasher  is  connected  at  P  and  R,  in  series  with  the  lamp  it  is  to  flash,  and  N, 
adjusted  so  that  it  clears  the  plate  about  Vit  inch  when  there  is  no  current  flowing  in  the 
winding.  When  the  switch  is  turned  on  there  will  be  a  current  through  the  lamp  and  wind- 
ing in  series.  The  brass  strip  will  be  heated  more  than  the  iron  and  it  will  expand  more, 
thias  forcing  the  point  of  the  screw  N,  down  upon  the  brass  plate,  which  will  result  in  the 
-winding  about  the  brass  8trip  being  shorted  and  the  ftdl  volta^  will  be  impressed  upon  the 
lamp,  and  it  will  bum  at  normal  candle  power.  When  the  coil  is  shorted  there  will  ot  course 
be  no  current  in  its  winding  and  the  brass  strip  will  cool  down,  the  screw  N,  will  finally  be 
drawn  away  from  contact  with  the  brass  plate,  and  the  winding  again  connected  in  series 
with  the  lamp.  The  lamp  will  apparently  go  out  whcsa  the  winding  is  in  series  with  it,  as 
the  total  resistance  of  the  lamp  and  winding  combined  will  not  permit , sufficient  current 
to  pass  througb  the  lamp  to  make  its  filament  glow.  The  time  the  lamp  is  on  and  off  may 
be  varied  to  a  certain  extent  by  adjusting  the  screw  N. 


Pig.  7,440.— Thermal  flasher.  This  simple  flasher  consists  of  a  brass  strip  fixed  at  each  end 
to  a  porcelain  base  and  slightly  arched  upwards.  Theamountof  this  arching,  however,  is 
much  less  than  is  shown  in  the  figure.  The  center  of  the  strip  carries  a  platinum  contact 
on  its  upper  surface,  and  opposite  this  is  a  platinum  tipped  contact  screw  which  is  carried 
in  a  brass  angle  piece  fixed  to  the  base.  One  terminal  is  fitted  on  one  end  of  the  strip,  and 
the  other  is  connected,  through  the  angle  piece,  witii  the  contact  screw.  The  strip  is  wound 
from  end  to  end  with  an  insulated  resistance  wire,  one  end  of  this  being  soklered  to  the 
strip,  and  the  other  connected  to  the  right  hand  terminal.  When  this  device  is  switched 
into  circuit  with  the  lamps,  the  current  first  flows  through  the  resistance,  which  cuts  it 
down  80  much  that  the  lamps  are  not  visibly  affected.  The  heat  generated  in  the  resistance 
causes  the  strip  to  curve  still  more,  till  at  length  contact  is  made,  the  resistance  short  cir- 
cuited, and  the  lamps  lighted. 
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Pia.  7.441.— GmeiBl  Electric  themul  flasher.  It  conMlttt  ttf  a.  antil  bran  cytioder  find  at 

'■- ilblocks.    The  junction  between  the  two  is  hidden  by 

The  right  hand  end  o£  the  cylinder 
oppo^lfl  this  is  the  platinum  tip  of  a 

rho  cylinder  is  wound  with  a  beating 

, d  beiDE  soldered  to  the  cylinder  and  the  other  to 

, When  the  current  is  switched  on,  the  coil  und  ths  cylinder  WMm 

-J.  -~id  the  cylinder  eloosatea  suffidently  to  ms3u  contact  and  light  the  ^rnpt.    The  coil 
being  then  short  ciituitad»  it  and  tbo  cyhnder  cool  down  and  contact  is  brokent  wbereupon 

,1 ;i  : .  : :„.:.. — ire.  end  vt— ' '"-:-  a,-i._    -t- 


Pic.  7.442,— Two  way  thermal  flashef.  The  moving  portion  consists  of  a  rocking  arm  A. 
pivoted  at  f,  and  carrying  two  sealed  bulbs,  fi,B',  whose  bottoms  are  united  by  the  tube 
T.  Iniidnthere  is  sufficient  mercury  If,  to  £11  r.and  ths  bottomsot  ths  bulbs,  the  remaia- 
der  conCamina  air.  Ateachendofi4,  ia  fixed  an  insulating  block/.r',  carrying  tno  contact 
pionn  P  and  P",  which  an  connected  together  at  the  top  through  heater  wire*  B.H', 
seal^inthebDlbeBaiidB',ieE{iective1r.  jUC,  ifC  are  psin  of  merciuy  cups,  tbo  further 
one  o£  each  pair  whose  atud  ie  marlnd  4- 1  being  connected  together  to  tha  poiitiTe  pole 
of  the  circuit,  whila  the  front  ones  an  }oiiied  up  to  the  lespective  gfoupa  at  lamp*,  /n 
vpvmtUiinm  if  the  apparatus  be  in  the  positioti  illustrated,  when  the  cuciut  is  closed  at  the 
time  ^,  is  down,lampgroupNo.  1  wiU  light  up  the  current  passing  through  H,oa  its  way. 
Tho  air  inB.  consequently  enpandi,  and  gradually  force*  the  mercury  down  in  B,  oloiis  T. 
and  up  in  B'.  The  aim  A,  will  gradually  become  horizontal,  and  wiU  then  over-balance . 
P.  being  withdrawn  from  MC.  and  P',  dipped  into  MC.  Lamp  groop  No.  1  will  conse- 
quently be  «tinguiihed  and  lamp  groupNo.  2  lighted;  B,  will  cool  down,  and  E',  will 
warm  up.    Thu*,  in  due  touts*,  A,  inllba  titled  ths  other  way  again. 
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the  return  wire  of  every  lamp  go  back  to  the  flashers  inde- 
pendently, which  means  a  wire  for  each  lamp. 

Thermo  Flashers. — ^These  flashers  work  on  the  thermo  or 
heat  expansion  principle,  that  is,  the  movement  of  the  contact 
points  of  the  flasher  necessary  to  open  and  close  the  circuit  is 
obtained  automatically  by  the  alternate  heating  and  cooling  of 
the  metal  of  the  Sasher,  which  causes  it  to  expand  and  contract. 

Carriage  Calls. — These  are 
used  to  avoid  the  confusion  and 
noise  at  the  theatre,  club  house 
or  department  store  when  veh- 
icles are  called  by  a  megaphone. 
The  flashing  of  a  number  is 
controlled  by  a  keyboard  or 
switch  which  may  be  placed  in 
any  convenient  location.  When 
the  switch  and  call  are  connected 
together,  any  numeral  may  be 
flashed  by  pressing  the  corre- 
sponding key.  The  numeral 
automatically  remains  lighted 
until   the    releasing     button   is 


Tig.  7.MS. — Managnm  or  unit  for  cdtfUge  tall  or  tiUatw  rigo.  I»  cotmaU  of  a  eollietion  of 
metdl  comparCmenU  each  arraosed  to  receive  an  incandescent  lamp.  The  puiWHO  of  thaao 
compartments  is  to  confine  the  Ught  to  a  certain  ipace.  thua  forming  a  dead/  "*fi»*^  num- 
bef  or  letter  which  can  be  read  from  a  distance. 

;  Constant  Lighting  Signs. — These  signs,  as  shown  in  fig. 
7,446,  are  usually  placed  over  door  of  stores.  The  frames  of  all 
signs  should  be  of  metal,  usually  they  are  made  on  a  frame  of 
angle  iron  and  covered  over  with  sheet  iron. 

The  use  of  metal  is  required  by  ordinances  in  all  large  cities. 
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S^  Wiring.— These  are  usually  placed  on  separate  cir- 
niits  with  a  double  pole  if  a  2  wire,  and  a  triple  pole  switch,  if 
;hree  wire,  to  control  sign. 

Usually  conduit  or  lead  coveredB.X.  cable  is  used  to  connect 
he  sign  to  the  service  mains.  Fig.  7,447,  shows  how  a  difficult 
)end  around  a  building  cornice  is  made  with  Greenfield  cable 
with  lead  covered  wires  inside. 
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7,4i7.— Method  of 


me  inch  pipe  (upporM  tlie  ■«!!.  Tliil  pipe  ii 
fl  in.  or  more,  the  sixe  of  the  pipe  depending 
l[<  in.  Balvaniml  iron  water  pipe  i«  used,  an 
le  pipe  to  sive  it  a  finished  appearance  and 

m  the  pipe  also  to  keep  the  Bi^n  from  awinsing 
1  to  adjust  the  tension  on  the  miy  wire  i .  Note 
to  use  none  but  galvanised  nttmgs  aa  fittings 
•"'*  The  height  of  the  bottom  of  the  sign 
Tliese  should  be  consulted  before  a  sign  la 

;h  lead  CDvend  B  J[.  cable  or  Greenfield  cable  with 


The  wires  are  usually  brought  out  from  the  frame  of  the  sign  in  porcelain 
bushings,  but  on  the  lan^  types  the  conduit  is  usually  brought  directly 
into  the  sign.  Sheet  metal  used  in  electric  signs  must  not  be  less  than  No.  28 
U,  S.  metal  gauge.  All  metal  must  be  galvanized,  enameled  or  painted 
over  three  times  with  black  aphaltum  or  tar  paint  to  prevent  rust .  Only 
rubber  covered  wire  is  permissible  on  the  inside  of  the  sign.  All  wires  must 
be  soldered  to  the  terminals  of  all  receptacles.  After  the  wires  have  been 
soldered  to  the  terminals  they  should  be  painted  over  (the  terminals)  with 
black  BSphaltum  or  any  other  good  insulating  paint  to  prevent  rust. 


3,836-476 


SIGN  FLASHERS 


Special  rec^tacles  must  be  used  for  sign,  work  and  must  be  so  installed 
so  as  to  prevent  them  turning.  When  wiring  the  interior  of  signs  great 
care  should  be  taken  to  see  that  the  wires  are  at  least  one  inch  from 
the  entire  surface  wired  over.  Where  the  rec^tades  are  placed  over  4H  ft. 
apart  they  must  be  supported  on  cleats  or  knobs,  where  the  receptacles 
are  placed  not  over  one  foot  apart  and  wires  are  secured  to  these  receptacles, 
a  support  every  4J^  ft.  will  not  be  required  as  above. 

Not  over  1,320  watts  lamp  load  should  be  placed  on  any  circuit. 

Interior  Wiring  of  Signs. — Constant  burning  signs  are 
connected  in  parallel  for  small  signs  and  in  series  parallel  for 
large  signs. 


N^-.---*,^^ 
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1                           1 
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PORCELAIN  BUSHINGS 


IRON  CONDUIT 


Fig.  7,448.— Method  of  wiring  the  sign  with  iron  conduit. 

Where  500  volt  service  is  only  obtained,  the  lamps  shotild  be  wired  in 
series  5 — 100  volt  lamps  of  the  same  size  as  in  fig.  7, 45 1(C).  Where  it  is 
desired  to  use  more  than  5  lights  on  500  volt  sign,  they  are  connected 
in  parallel  series.  Where  only  220  volts  2  wire  is  available,  2-110  volts 
lamps  may  be  placed  in  series,  or  4-55  volt  lamps  placed  in  series.  See  pg, 
5,4o2(D)  and5,453(E)  or  fig.  5,454(F)  where  lamps  are  wired  parallel  series. 

Where  d',c,  service  is  only-  available  the  lamps  are  wired  in  series  or  series 
parallel,  2  lamps  to  a  senes  the  same  number  of  lamps  must  be  in  each 
parallel,  otherwise  they  will  bum  dimmer  or  brighter  than  the  others.  Low 
voltage  are  used  where  a  great  number  of  lamps  are  used  on  a  sign;  these 
are  placed  in  series  of  10-12  volt  lamps  being  used  on  120  volt  systems. 
The  various  wiring  connections  for  signs  are  shown  in  figs.  7,465  to  7,468. 
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Figs.  7,449  to  7,454. — Various  wiring  connections  for  signs.  Fig.  A,  parallel  connection 
for  a  small  sign;  fig.  B,  500  volt  connection — 5  one  hundred  volt  lamps  connected  in 
series;  fig.  C,  five  100  volt  lamps;  fig.  D,  two  llO  volt  lamps  in  series  on  220  volts; 
fifiT*  E,  four  55  watt  lamps  in  series  on  220  volt;  fig.  F|  ten  110  volt  lamps  on  220  volt 
circtiit. 
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Figs.  7,455  to  7,458. — Various  wiring  connections  for  signs  using  transformers. 
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The  principal  objectioa  to  the  use  of  the  series 
parallel  system  is  that  if  one  lamp  of  a  series  bum 
out,  the  rest  of  the  lamps  do  not  btim  as  shown  in 
fig.  7,453,  where  one  letter  of  a  sign  forms  a  series, 
thus  if  one  lamp  should  bum  out  the  whole  letter 
is  dark. 

When  signs  are  to  be  supplied  by  ax.  current 
they  should  be  wired  in  multiple  using  low  voltage 
lamps  (preferably  12  volt)  in  connection  with  a  low 
voltage  sign  lighting  transformer  as  shown  in  fig. 
7,455. 

The  run  from  the  transformer  to  the  sign  should 
be  as  short  as  possible.  Most  sign  makers  fasten 
the  transtormer  on  the  bottom  of  the  sign.  The 
reason  for  this  is  to  reduce  the  drop  of  voltage 
due  to  resistance  of  the  wires  having  such  an  effect 
on  this  low  voltage  (12  volts).  This  is  not  notice- 
able on  higher  voltages  but  on  12  volts  much 
difference  can  be  noticed.  Fig.  7,449  shows  the 
improper  way  to  connect  a  parallel  as  the  first  lamp 
will  bum  brighter  than  the  last  lamp  due  to  the 
drop  of  voltage. 

The  parallel  series  connection  is  used  on  large 
signs  without  transfonners  such  as  on  d,c.  or  a,c. 
where  no  transformer  is  desired.  The  only  objec- 
tion to  this  form  of  connection  is  that  if  one  lamp 
will  bum  out  it  reduces  the  resistance  causing  the 
rest  of  the  lamps  in  this  multiple  to  bum  brighter 
while  the  rest  of  the  multiples  will  bum  dim.  To 
prevent  this  no  less  than  10  lamps  should  be  placed 
in  a  parallel,  so  that  very  little  difference  will  be 
noticed.  Any  number  of  lamps  may  be  used  in  a 
multiple  but  each  multiple  must  have  the  same 
amount  of  lamps  and  their  power  must  not  be  any 
more  than  10  multiples  on  a  120  volt  system,  using 
12  volt  lamps. 


Fig.  7 ,459. — ^Flashing  theatre  sign  and  method  of  placing  trans- 
former and  flasher  near  sign.  A,  transformer;  B,  metal 
cabinet  containing  motor  flasher. 
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CHAPTER  116 

Electric  Lighting 

Broadly  speaking,  electric  lighting  is  a  large  subject,  covering 
several  branches  of  engineering,  but  the  particular  phase  of  the 


Pio.  T.Ul. — Genuala 


ent  passing  from  the  upper  cirbon  to  tho  lower  carbon,  indioated  bjr 
Most  of  tlis  light  issuea  from  the  tip  ol  thi  positive  carbon,  and  thu 
Known  sa  the  cralrr.  the  temperature  of  which  is  from  S,432°  Co  6.332°  Fahr., 
o  8S%  of  the  total  light.    The  i  "  '     "  ■  -     - 


ed.  both  cj 


subject  here  to  be  considered  is  the  art  of  producing  artificial 
illumination  by  means  of  electrical  energy.  The  items  to  be  con- 
sidered then  are 
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The  Electric  Arc. — If  two  carbon  rods  be  connected  elec- 
trically to  the  tenninals  of  a  d)mamo  and  the  free  ends  of  the 
rods  brought  together,  the  ctirrent  from  the  djmamo  will  flow 
through  the  closed  circuit  thus  established.  Now,  if  the  carbon 
rods  be  drawn  apart  so  as  to  form  a  slight  break  of  one-eighth  of 
an  inch  or  less  in  the  circuit,  the  current  will  jump  from  one  rod 
to  the  other  and  the  arc  thus  formed  will  be  maintained  across 
the  gap  in  the  circuity  by  the  conductivity  of  a  bridge  of  carbon 
vapor  allowing  a  continuance  of  current. 

Either  d,c,  or  a.c,  may  be  used,  but  the  two  carbon  rods  must  be  first 
brought  into  contact  with  each  other  and  then  separated  in  order  to  estab- 
lish the  arc,  otherwise  a  pressure  of  several  thousand  volts  would  be  required 
to  make  the  current  jump  the  air  gap. 

The  arc  usually  consumes  10  amperes  at  45  volts  or  450  watts;  its  tem- 
perature is  about  6,300**  Fahr. 

Carbons. — ^There  are  two  kinds  of  carbons:  1,  solid  carbons, 
and  2,  cored  carbons. 

The  object  of  the  core  is  to  reduce  the  voltage  required  to  maintain 
the  arc  by  lowering  the  boiling  point  or  the  vaporizing  temperature  of  the 
crater  of  the  positive  carbon. 

Any  size  carbon  may  be  used,  but  the  sizes  usually  employed  have  an 
average  resistance  of  .15  ohm  per  foot. 

According  to  manufacttu'e,  carbons  are  classed  as  moulded  or  forced, 
the  moulded  carbons  being  used  for  constant  current  series  circuits  where 
cost  is  of  importance. 

Carbon  Feed  Mechanism. — ^There  are  two  classes  of  carbon 
feed:  1,  manually  operated,  and  2,  automatic. 

The  first  is  used  in  the  case  of  stereopticons,  but  for  ordinary  illumination 
the  control  must  be  automatic.  These  may  be  classed  as:  1,  slug  feed;  2, 
shtmt  feed;  3,  differential  feed.  The  slug  feed  is  used  as  constant  pressure 
circuit  only. 

Cut  Out  and  Substitutional  Resistance.— In  a  series  arc 
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light  circuit,  it  must  be  evident,  that  if  anything  happen  to 
one  lamp  the  entire  system  will  be  affected,  unless  some  pro- 
vision be  made  to  short  circuit  the  disabled  lamp  and  at  the  same 
time  introduce  into  the  circuit  resistance  of  the  same  value  as  that 
of  the  lamp.  The  necessary  mechanism  is  usually  a  part  of  the 
lamp. 

The  Arc. — There  are  varioui  kinds  of  arc  and  they  may  be 


.  With  respect  to  the  placement  of  the  arc,  as 

b.  Setm-enc\osed  {intensified  arc): 

c.  Enclosed. 


Pig.  7.402.— BndoKd  carbon  aleematir 
H  mch  looB  and  requires  70.to  SO  volts 
crater  and  las  light  ia  produced  per  t 

Fig.  T,ie3.— Lon^  burning  flame  arc. 
about  H  inch  diaMcttr  by  I*"  long,  h 
The  unused  portion  of  the  upper  elec 
•nth  "white''  electrodes  consume  .74 


2.  With  respect 
to  the  arc,  as 

b,  Flanung. 

3.  With  respect 
to  the  current,  as 

a.  Direct  current; 

b,  Alternating 

The  enclosed  arc  is 
the  result  o£  various 
attempts  to  reduce  the 
rapid  consumption  of 
the  carbons  in  the  case 
of  open  arc,  by  endos- 
ing  the  arc  in  a  globe 
bulb  of  refractory  glass 
protected  by  a  Zurge 
outer  globe, 

J  life  100-125  hours;  are  about 


n  Bpheiifcarcandle  power. 
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TIm  seau-enckwed  arc  has  a  fairly  tight  fittins  ^obo  of  moderate  dimen- 
cions,  the  carbons  used  are  of  Email  diameter.  &QU-«nctosed  arcs  consume 
carbons  much  Glower  than  open  arcs  and  taJce  about  75  volts  at  the  arc. 

The  B.C.  arc  is  not  a  continuous  flame  like  the  i.e.  arc,  but  is  lighted 
and  extinguished  at  every  reversal  of  the  current,  so  rapidly  aa  not  to  be 
noticed  by  the  ordinary  eye. 


SUPPORT  L 
Fw,  7,4M.— ElemeoUry, « 

ii  «t»blished  between  these  two  opposing  forces  beeau»  _.  . ., „  „.  .... 

lower  or  fined  carbon.    The  weight  oC  the  carbon  and  plunger,  or  the  ampere  tur 


length  u  eitablished  when  eqiulibiimi: 


n ,  thi  plunger  pulla  up  tltt  dutch  tod  and  the  an 


p  them 


a  thaci 


^d  the  t 


mwaid.    Di 

ua^d'ucmg''the  arc.  "sJoMtSe' res^i 
r  pull  ia  exerted  by  the  solenoid  »' 
;  clutch  rod  frteinB  the  clutch  from 
:arban  pulling  it  awa/ from  the  filed  < 


the: 


LH  lengthened  whid      

I  solenoid  HllDwinv  the  plunger  to 
!  of  the  dutch  strikes  tS  nluie, 

ensth  ii  reduced 
if  the  parts  and 


andct 


— Ekn 


retheca 


ona  get  hot. 
ley^lltoge 


wei^l  lever,  movea  downward',  compi 
thua  Tstardms  the  upward  movement 
admit  air  on  ths  up  stroke  of  the  dasl 


ip  showing  dash  pot  and  adjustinjr  weight,    in 

•  again,  the  result  being  a  vibrstins  action  eiadtr 
squilibrium.  it  is  nsccsULry  to  retard  the  upward 
s  what  the  dash  pot  accomplishes.  Thus  aa  the 
pot  plunger  which  is  connected  to  the  adjustinf 
ng  the  air  which  alowlv  leaks  past  the  plunflv* 
:he  carbon.    The  function  of  tfTiLir  valve  ii  to 
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Series  Arc  Lamps. — Lamps  connected  in  series  are  in  satis- 
factory service  both  on  d.c.  and  a.c.  circuits. 

In  ft  series  system  evidently  all  the  lamps  must  be  desuned  to  work 
vith  th«  same  amount  ol  current,  and  accordingly  nncs  uis  current  is 
■aid  to  be  "constant,"  meaning  that  the  same  amount  at  my  erven  time 
is  flowing  through  aO  the  Iannis,  series  systems  are  often  caUed  constant 
current  systems,  though  ill  advisedly  so. 

This  so  called  constant  current  is  obtained  by  designing  the  dynamo  so 


Pig-  7,4A7.— BlemBntvy  shunt  control  lamp.  In  opmrallOn,  most  of  tfae  current  flow! 
tlireutili  the  heavy  irin  conutcMd  is  Kries  with  the  carbon ,  tha  belanca  floving  throu^ 
the  ihunt  lolvnold.  Normalljr^  when  the  current  u  oS,  cavity  causes  the  jilungfr  to  dnm 
asainst  the  Btop,  thus  (epantmg  the  carbons.  When  currmt  is  turned  on  it  flona  through 
t&e  ahuat  scdenoid  and  pulls  vp  the  plunger,  and  with  it  the  lower  carbon  opposed  by  gravity, 
(hi  eontucltthe  eunent>«  ihort  areuited  around  the  shunt  coil,  the  solenoid,  thus  weak- 
Ened,  allowing  the  plunger  to  needs  &nd  break  contact  oC  the  Cubans  lengthesiiig  the 
gap  until  egiuubnum  is  establiahed. 

Pig.  T.WS. — Etementaiy  differential  oontiol  lamp,  tit  oprmtlon,  the  diSeicntial  action  b 
the  resultant  due  to  the  dillennce  between  the  force  due  to  the  series  solenoid,  tending 
to  separate  the  carbons,  and  forces  due  to  gravity  and  to  the  shunt  solEnoid  tending  to 
keep  the  carbon  in  contact. 

Pio.  7,490. — Elementai7  differential  control  lamp  having  ring  clutch  rod  teed  and  automatic 
cut  out  aod  lubstitQtional  resistance.  In  oiwrdfion.  under  normal  conditions  the  current 
is  Quite  insufficient  to  raise  the  bridge  against 
lit  through  the  carbon  suddenly  increase  beyond 
;ut  out  winding  will  increase  considerably  raia- 
The  entire  Une  current  will  now  flow  through 
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that  it  will  automatically  Ecnerate  a  nearly  constant  current.  Rjegu- 
lating  devices  are  pro\4ded  which  either  shift  the  brushes  or  vary  the 
strength  of  the  field,  or  both,  to  keep  the  current  at  a  constant  vajue. 


In  addition  to  these  special  regulators,  such  machines  are 
that  they  have  considerable  self-induction  and  resistance,  all  of  whi<^  tends 
to  prevent  the  tnurent  rising  to  a  high  value,  even  if  the  machine  be  short 
circuited. 

Parallel  Arc  Lamps. — For  electrically  lighting  large  interiors 


:oiisuiaptiDn.  Fig.  7.170,  ball'ciutciij  fiB."7^4'7i,'cam^utch;'fia.^V,472,  ring  dutch. ' 
:b,  7,(73  and  7,474. — Cn-bon  and  Tod  feed.  In  tka  (iret  instance  Ihs  clutch  operates  tlK 
:srbon  direct,  as  in  Se.  7,473.  Sometime:  the  caiban  ii  wcuied  by  a  clamp  at  the  end 
if  a  mi.  the  dutch  opeiatlng  the  carbon  through  contact  with  the  rod  as  in  fig.  7.4T4. 


'  "^  7.*77  — Port  Wayne  (special  tmnrfonoer  type)  parallel  < 
>.£.  enckwed  arc  lamp  designed  especially  for  service  with  iDul 
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the  enclosed  arc  lamp  is  very  often  the  most  satisfactory  method 
on  account  of  its  acknowledged  ability  to  produce  a  light  that 
approaches  more  nearly  to  natural  light  than  most  other  artificial 
illuminants. 

It  is  essential,  therefore,  tha^t  the  arc  lamp  be  designed  to  opentte  Hitis- 
factorily  on  the  same  circuits  with  incaadesoent  tompa.  This  meana 
-  that  the  arc  laitip  must  be  bo  designed  that  it  will  work  oa  s  110  or  220 
volt  circuit  paraUel  comiection.  Accordingly  the  d.c.  lamp  must  include 
a  suitable  resistance  because  the  worldiig  pressure  at  the  arc  (75  to  80 
volts)  is  less  than  the  pressure  across  the  mains  (110  volte).  For  220  volt 
circuits  additional  resistance  is  necessary. 


Figs.  7,478  and  7,479.— W«t 


ise  teria  parallel  circuit  dHTcnntial  contrcl  rf.c_  Ricloaad 

_  ._.  any  cauiCT  the  are  becoma  extinguiiEuid,  tha  increased 

Iff  throusli  the  ahunt  coui  will  cause  them  to  lataa  their  end  oC  the  rocker  ana 

a  circuit  through  a  renatance  equal  to  that  of  the  lamp  when  It  ia  in  operation  and  throwa 
iu  mechanism  out  of  ciicuit  without  diaturlnnff  the  other  lompa  In  the  circuit. 

Series  Parallel  Arc  Lamps. — In  many  localities,  the  only 
source  of  current  for  illuminating  purposes  is  for  d.c.  power  cir- 
cuits nominally  of  220  or  550  volts  to  which  the  ordinary  forms 
of  direct  current  lamp  are  not  adapted. 

This  condition  is  often  encountered  in  factories,  fouudries,  mills,  etc.. 
where  power  is  usually  supplied  at  220-250  volts,  and  the  small  m 
of  lamp  does  not  warrant  Uie  installation  (d  separate  liebtii^  ciroiits. 
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It  is  to  meet  such  conditions  that  lamps  have  been  designed  for  series 
parallel  worldnf*  and  known  as  series  parallel  lamps.  Series  parallel  lamps 
sre  usually  designed  to  operate  two  in  series  across  220  or  260  volt  cir- 
cuits, or  five  in  series  across  fiOO  or  550  volt  circuits. 


Pig.  7,482.— Electnids  irraneemeni  ol  Wen 
the  Isroer  portion  ol  .ht  iiBht  comej  from 
electiode  and  the  niiiural  liht  dismbmiDt 
ftbovc  the  poalive.    Thu  distnbution.  Mb 
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Luminous  Arcs. — In  the  development  of  arc  lamps  various 
attempts  have  been  made  to  increase  the  luminosity  of  the  arc 
stream  by  introducing  some  substance  not  carried  by  the  ordinary 
carbon  electrodes. 

In  the  latest  types  o£  arc  lamp  this  is  accomplished  in  one  of  two  ways: 
by  using  in  d,c.  lamps,  negative  electrodes  of  a  material  the  incandescsent 
vapor  of  which  fives  a  highly  luminous  spectrum;  or  by  employing  elec- 
treses  of  such  reuractory  matmal  as  will  give  a  very  high  arc  temperature, 
by  the  effects  of  which  certain  materials  carried  by  the  positive  electnxle 
will  be  convtfted  into  incandescent  vapor  of  a  high  light  giving  i)ower« 


STEtL  BOX 


mductance: 


TOO.C 
SUPPLY 


ISTRIBUTED  IN 
ANY  FOBM  DESIRED  TO 
LE.N0TH5  OF  ZOO  FT 


STARTING 
RESISTANCE 


/ 


SOFT  IRON       .Qrt^i 
\A/tQF  IRON 

^^^^     RESISTANCE 

.TUBE 
PLU6 
RANSFORMER 
Pig.  7.485.~-Moore  vaccum  tube  lamp. 
Pig.  7,486. — Cooper-Hewitt  dx.  mercury  vai>or  lamp. 


A 

MERCURY  TUBE 


Lamps  operating  on  the  first  method  are  variously  called  metallic^ 
magnettUf  Htanium,  or  in  general  luminous  arc  lamps;  those  working  on 
the  second  method,  flaming  arc  lamps. 


Flaming  Arc  Lamps. — In  these  lamps  both  electrodes  are  of 
carbon. 

In  the  d.c,  lamps,  the  arc  is  made  luminous  by  impregnating  the  positive 
carbon,  or  providing  it  with  a  core  of  calcium  fluoride  or  borate,  which 
when  heatea  to  the  arc  temperature  becomes  highly  luminous.  In  the  a.c. 
lamp,  both  carbons  are  provided  with  cores  of  calcium  salts.  In  the  former, 
the  efl&ciency  of  light  production  depends  upon  the  temperature  of  the 
positive  dectrode  whidi  controls  the  vaporization  of  the  luminescing 
material. 
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r  other  suitable  device  opei-ated  by  s 
the  carbcms  apart. 


s  magnet  which  forces 

As  the  carbcms  wasta 
away,  the  ribs  waste 
away  also,  the  carbons 
bein^  fed  downward  by 

gravity    with   the   rits 
gainst  the  feed  stops. 


the  a 


.eplac 


always  i 


the 


Search  Li^t  Pro- 
jectors.—  In  these 
the  arc  is  directed  to- 
ward the  reflector  so 
that  the  light  rays  are 
made  parallel,  thus 
giving  greater  pene- 
trating qualities  for 
locating  objects  on 
land  or  sea 


The  table  below  gives  current  and  candle  power  of  search  lights,  and 
Current  and  Candle  Power  of  Search  Uftfat         , 


»  seuch  light  tor  pilot  hooM. 


DianxeUTolcaae 

Current  in 

Candle 

Aoprovm  1 

poi-et 

p,ire 

J4 

10-15 

3.000 

»:JC0 

li 

20-25 

5,000 

380 

J9 

35-10 

8,000 

5.10 

19 

45-50 

10,000 

550 

24 

55-60 

24 

75 

15,000 

970 

32 

90 

18,000 

1.650 

3S 

120 

24.000 

2,100 
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Vacuum  Tube  Lamps. — When  a  static  discharge  of  elec- 
tricity is  passed  through  a  tube,  luminous  ejects  are  produced, 
which  vary  with  the  degree  of  exhaustion,  the  character  of  the  gas 
in  the  tube,  of  the  glass,  or  the  solution  surrounding  it. 

The  principal  advantage  is  low  intrinsic  brilliancy  (sUinost  12  c.p.  per 
linear  ft.)  which  makes  it  easy  on  the  eyes,  it  has  a  high  efficiency  and 
gives  good  diSusion  of  the  light. 


POUBUE       DODELE.  l^uvdi.1^        (^IMRLF  tiuFTc 

U  LOOP  OURL  CURL  rlipL  r^^ 

OROVftL        ^  ANCHORED      <^"«'-  _  aNCM^.'-REB 

single:  u  loop 

OR  OVAL 

Pios.  7,4SS  to  7,483.— ;ForTn3  of  incandescent  lamp  eiament.    The  standard  filament  is  one 

tiomm  very  reliable  spirit  lamp.    The  16  candle  power  110  volt  lamp  consumes  about  one- 
half  Ampere  And  hju  a  reustance  of  about  220  ohms,    A  filament  ' 
d  suffidenl  e  *       '  .      ■    -    -  - 


for  mechanical  slrength,  should  be  8  or  B  inches  in, length.  .In 
length  trhich  not  oi 


theeailierlampsthisfilanieat  wasmadein  the  shape  of  an  U  (fig,  7.4921,  b 
.       ...     ......       ......         .  .J  ^^  droop,  thereby  lequiring  a  large  bulb,  bI 


rsalli"  adopted.  The  cutl  forma  are  common  in  lamps  for  100  to 
candlepower.  The  O  forms  are  generally  ui  - "  '  -  '  -' 
■.    In  these  eases  the  cross  section  of  the  Elan 


The  U  forms  are  generally  used  for  large  lamps  from  100  to  300 


, ,  ._ H- than  that  ins  16  candle  pi    _. 

T  voltage.    Anchored  filaments  are  used,  when,  owing  to  their  length  on  account  of 

„_  ,..., ..  ,    Ajichond  filan 

of  long  tubular  tnilbi. 


Incandescent  Electric  Lamps. — In  an  incandescent  electric 
lamp  the  light  is  produced  by  poMing  a  current  of  electricity 
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through  a  continuous  conductor  having  a  high  resistance,  the  current 
employed  being  sufficiently  strong  to  raise  the  temperature  of 
the  conductor  to  the  point  of  incandescence. 

In  construction,  a  slender  filament  of  some  conducting  refractory  mate- 
rial is  enclosed  in  a  glass  chamber  and  connected  to  lead  wires  fused  through 
the  base  of  the  chamber  or  "bulb."  The  bulb  is  exhausted  of  air  as  com- 
pletely as  possible  and  the  exhaustion  duct  sealed.  The  object  of  pladng 
the  filament  in  a  vacuum  is  to  prevent  oxidation. 

The  various  types  of  incandescent  lamp  may  be  classed  as: 

1.  Carbon  filament  lamps; 

a.  Plain  carbon; 

b.  Treated  carbon. 

2.  Metallized  carbon  filament  lamps. 


MOUNT 


AI1CH0R&0. 
FILA.MEMT 


BA^ 


Pigs.  7,494  to  7,496. — Construction  details  of  incandescent  lamp.      J(  corwfoto  o/ a  dosed 

glass  bulb,  containingr  a  carbon  Blament,  and  having  two  terminals  D  and  E,  on  the  outside 
to  which  the  filament  is  connected  by  the  leading  in  wires  P  and  G,  of  platinum  which 
pass  through  the  glass,  which  is  sealed  around  the  wires.  Fig.  7,494  shows  the  stumpy  of 
glass  into  which  the  leadmg  in  wires  are  sealed,  and  which  ultimately  becomes  the  enclosing 
part  of  the  neck  of  the  bulb;  fig.  7.495  shows  the  bulb  ready  to  have  the  air  exhausted,  and 
fig.  7,496  the  complete  lamp  and  base. 
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3.  Non-carbon  filament  lamps. 

a.  Osmium; 

b.  Tantalum; 

c.  Tungsten; 

d.  Iridium. 

The  incandescent  lamp  is  perha^  simpler  than  any  other  type  of  electric 
lamp  and  its  general  construction  is  shown  in  figs.  7,494  to  7,496. 


High  Voltage  Incandescent  Lamps. — ^The  superior  distribu- 
ting advantages  of  the  200  volt  system  resulted  in  the  production 
of  250  volt  lamps  having  an  intitial  constmiption  of  3.4  watts  per 
candle  power  for  the  16  c.p.  and  20  c,p.  lamps,  while  3.1  watts 
per  candle  for  higher  candle  powers  are  now  made,  which  have 
an  average  useful  Ufe  as  good  as  that  of  the  100  volt  3.1  watt 

lamps,  which  is  equal  to  about  450  hours.  .  -         -  - ,       - 

^  Metallized 

Carbon     or 

**Gem'*  Lamps. 

— ^This  process 
consists  in  heating 
the  filaments  to  a 
very  high  temper- 
ature  both  before 
and  after  flashing, 
using  a  carbon 
tube  electric  fur- 
nace for  the  pur- 
pose. 

Treated  Car- 
bon Lamps. — In 

manufacture,  a 
carbon   filament 

Figs.  7,497  to  7,500.— Various  forms  of  incandescent  lamp.     Pig.  7,497,  tubular  or  elongated 
bulb  lamp;  fig^  7.498,  ornamental  flame  tip:  fig.  7,499.  bicycle  lamp;  ^.  7.500,  sign  lamp. 


TUBULAR  LAMP 


6  C.P.  SIOH  UAMP 


FLAME  TIP 
(ORNAttCJlTAU 


BICYCLE  LAMP 
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is  heated  with  a  volatile  silicon  compound  instead  of  the  usual 
hydrocarbon. 


■OTCRMiri/kLS 


LOW  C-P 
POSITION' 


MEATrR 


Fig.  7,501. — ^Elementary  diagram  of  Nemst  lamp.  The  %ht  produciag  part  of  this  lamp 
consists  of  a  glower  with  an  insulator  of  electricity  at  ordinary  temperatvire  and  therefore 
necessitates  the  employment  of  some  means  to  raise  its  temperature  up  to  a  point  at  which 
it  will  become  a  conductor.  This  is  accomplished  by  means  of  a  heater  coil  of  fine  platinum 
wire  wound  on  a  thin  porcelain  tube  and  embedded  in  cement  to  protect  it  from  the  in- 
tense heat  of  the  glower  when  the  latter  becomes  white  hot  by  the  passage  of  the  current. 
The  glower  and  the  heater  coil  are  connected  in  parallel  in  operation,  and  when  the  lamp 
is  thrown  into  circuit  for  lighting,  the  current  flows  through  the  heater  coil  and  raises  its 
temperature  to  such  a  degree  that  the  latter,  in  about  20  seconds,  heats  the  glower  to  the 
conducting  point.  The  current  now  passes  through  the  glower  and,  raising  its  tempera- 
ture to  a  white  heat,  makes  it  luminous.  At  this  moment  a  sufficient  amount  of  current 
passes  through  the  g^lower  to  make  it  begin  to  light.  The  magnet  M .  which  is  in  series  with 
the  glower  is  energized  strongly  enough  to  attract  its  armature,  thereby  breaking  con- 
tact with  the  screw  S,  and  throwing  the  heater  coil  out  of  circuit  while  the  glower  is  left  in 
circuit.  ^  Whenever  the  lamp  is  turned  off  by  opening  the  circuit,^  the  armature  falls  back 
by  gravity  into  the  position  shown  in  readiness  for  action  when  it  is  necessary  to  relight 
the  lamp. ,  Since  the  resistance  of  the  material  of  the  glower  decreases  as  its  temperature 
increases,  it  is  necessary  to  provide  some  means  to  prevent  the  resistance  falling  to  a  point 
at  which  a  considerable  current  would  ,flow  and  destroy,  the  glower  and  its  connections. 
This  is  accomplished  by  inserting  a  resistance  coil  in  series  with  the  glower.  This  resist- 
ance called  "ballast"  consists  of  iron  wire  which  increases  in  resistance  as  its  temperature 
increases,  and  thus  compensates  for  the  decrease  in  the  resistance  of  the  glower. 

Fig.  7,502. — Nitrogen  filled  lamp.  Tungsten  lamps  fail,  not  by  breaking  of  the  filament,  but 
by  reduction  in  light  giving  value  due  to  blackening  of  the  inner  globe  surface.  With  at- 
tempts to  increase  efficiency  of  lamp  operation,  this  blackening  process  has  been  found  to 
be  greatly  accelerated,  thus  heretofore  placing  a  limit  on  the  consumption  efficiencies  ob- 
tainable consistent  with  reasonable  lamp  life.  It  has  been  found  that  the  introduction  of 
an  inert  j;as  into  the  bulb  at  atmospheric  pressure  not  only  decreases  the  rate  of  filament 
evaporation,  but  by  proper  design  oi  the  lamp  parts,  the  presence, of  this  gas  may  be  made 
to  prevent  blackening  of  those  glass  surfaces  through  which  light  is  transmitted,  the  result 
being  to  make  possible  increased  lamp  life  at  high  efficiencies. 

Figs.  7,503  and  7,604.-;-Tum  down  incandescent  lamps.  Three  cnan^  in  candle  power 
are  provided,  all  obtained  by  operating  the  string  alone.  This  switch  is  pivoted  at  its  cen- 
ter B,  and  the  lamp  circuit  is  completed  when  connection  is  made  at  either  of  the  contacts 
C  or  D,  The  switch  makes  contact  at  only  one  of  these  points  at  a  time.  When  connec- 
tion is, made  at  D,  both  filaments  operate  in  series  and  the  small  filament  is  lighted.  When 
the  switch  is  pulled  over  to  C,  the  small  filament  is  open  circuited  and  the  high  candle  power 
filament  bums  alonot.    By  pulling  the  switch  clear  of  both  C  and  D,  the  lamp  is  put  out. 
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resatance  than  true  metals,  and  hence  more  likely  to  yield  filaments  of 
moderate  Jength  and  conservative  cross  section. 

Osmium  Lamps. — The  rare  metal  osmium  appears  as  a  by- 
product of  the  platinum  industry. 

It  has  however,  a  very  high  melting  point,  and  when  formed  into  a 
filament  by  the  process  o(  union  with  a  smtable  binding  material,  squirting 
and  heating,  it  possesses  considerable  endurance. 

Osmium  lamps  have  usually  been  for  40  to  65  volts,  being  adapted  to 
bum  two  or  three  in  seriea  on  ordinary  drcuita.  The  Bpedfic  consumption 
is  about  1.5  watts  per  w.  ft.  c.  p.,  and  Oie  l^ht  is  very  white  and  brilliant 


li  hai  been  Ttatmi.  The  tuiMlumbmp  is  not  neeo- 
!iB  fil»iBEnt  IS  brolcen  or  bumed  out.  The  wires  often 
i  into  contact  by  jarring,  thereby  iinmediately  welding 


S«..7,S07  slonsated 


poiilion  mud  m  ordiiuu]' bghtiiie  cMua  littls  or  no  trouble  due  to  theitrsnds  of  ihefi 
iouchiuB  and  weldinc.  This  makn  arusgedlamp  which  has  proved  well  adapted 
under  too  Mver«  conditkm*  of  ibop,  mill,  steamship  and  tiun  lighting  eervicc.    A 
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as  compared  with  ordinary  incandescents.    Life  of  lamp  at  this  efficiency 
about  1,000  hoxirs. 

Tantalum  Lamps. — The  filament  used  in  the  mantxfacttire 

SPHERE. 
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Pig.  7,511. — The  unit  cone.  Imagine  a  standard  candle  as  shown  in  the  figure  and  a  sphere 
of  one  foot  radius  with  its  center  at  the  candle.  One  square  foot  of  the  suriace  of  this  sphere 
is  contained  inside  of  a  unit  cone,  and  such  a  unit  cone  contains  one  iumen  of  lifl^t  fiuz. 
Therefore,  one  himen  of  light  flux  passes  through  each  square  foot  of  the  stirface  of  the 
sphere;  that  is  the  light  which  radiates  from  the  given  lamp  has  a  sectional  intensity  of  one 
lumen  per  square  foot  tU  a  distance  cf  one  foot  from  the  lamp.  This  sectional  intensity  is 
sometimes  called  the  toot  candle.  That  is  to  say.  the  foot  candle  is  the  sectional  intensity 
of  a  one  candle  power  beam  at  a  distance  of  one  foot  from  the  lamp.  The  meter  cawuile 
is  the  sectional  intensity  of  a  one  candle  power  beam  at  a  distance  of  one  meter  from  the 
lamp.    The  meter  candle  is  one  lumen  per  square  meter  and  it  is  sometimes  called  the  lux. 

Pig.  7,512. — ^Bunsen's  photometer.  The  principle  upon  which  this  instrument  is  based  is 
that  a  transhueni  spot  in  ^  center  of  a  while  screen  will  have  the  same  appearance  as  the  rest 
of  the  screen  when  the  illumination  on  the  two  sides  is  equal.  A  spot  in  a  sheet  of  white  paper 
may  be  made  translucent  by  means  of  a  little  grease  or  oil.  If  this  sheet  be  then  held  oe- 
tween  the  eye  and  a  window  or  other  source  <XE  lu^ht,  the  grease  spot  will  appear  brighter 
than  the  surrounding  paper.  On  the  other  side  dTthe  paper  the  spot  appears  much  darker 
than  the  l^per.  That  is  to  say,  when  the  paper  is  viewed  from  Me  side  of  greater  illuminon 
tion,  the  oUed  spot  appears  dark,  and  when  tt  is  viewed  from  the  side  of  lesser  illumination  the 
spot  appears  light.  Accordingly  when  the  two  sides  of  the  paper  are  equally  illtmiined|  the 
root  ought  to  be  of  the  same  brightness  when  viewed  from  either  side,  which,  in  fact  it  is. 
Hence  to  find  the  candle  power  of  any  unknown  source  it  is  only  necessary  to  set  up  a  candle 
on  one  side^  and  the  unlcaown  source  on  the  other,  as  in  the  figure,  and  to  move  the  spot 
to  the  jposition  of  equal  illumination.    The  candle  power  of  the  unknown  source  will  then 

be  CA*+BA\ 

^IGS.  7,513  and  7,514. — ^The  foot  candle.  If  A,  be  a  lamp  giving  16  candle  power  in  a  horizontal 
direction,  the  Illumination  at  the  point  B,  four  feet  distant,  would  be  16  -!-4*  ~1  foot  candle, 
since, the  intensity  of  light, varies  inversely  as  the  square  pt  the  distance.  To  get  the  nor- 
mal Illumination  at  any  given, point,  the  candle  power, in  the  proper  direction  must  be 
divided  by  ,the  square  of  the  distance  to  the  point  illuniinated.  If  the  surface,  illuminated 
be  not  at  right  angles  to  the  direction  of  the  light,  the  vahie  of  the  illumination  obtained 
as  above  must  be  multiplied  ,by  a  reduction  factor,  taking  into  account  the  angle  at  which 
the  rays  strike.    A  beam  of  light  coming  in  the  direction  OD,  fig.  7,514,  falls  upon  a  plane 

AB,  illumixiating  it  with  an  intensity  of  1  foot  candle.    Then  the  Illumination  on  the  plane 

AC,  which  Intercepts  the  same  amount  of  light  as  AB,  would  be  less  than  1  foot  candle  (as 
the  light  is  spread  over  a  larger  surface)  in  the  ratio  of  AB,  to  AC,  which  is  the  cosme  of 
the  angle  ODf.  Thus  the  illumination  effective  on  any  plane  at  a  given  point  will  be  (candle 
power  4-distance*)  Xcos  0,  where  ^  is  the  angle  between  the  dixecuon  of  the  ray  and  a  per- 
pendicular to  the  pluie  oonaklefed. 
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of  tantalum  lamps  is  composed  of  (fee  metal  tantalum  drawn  into 
a  fine  wire. 


Tungsten  Lamps. — In  the  Kuzel  process,  a  colloidal  solution 
of  the  metal  is  formed  by  tnaintaining  art  electric  arc  between  tung- 
sten terminals  under  water. 

This  solution  is  then  broi^ht  to  a  pasty  consistency  and  squirted  into 
SOURCE  0 

W 


Figs.  7^1S  •nd  7.S18.— Horiiontol  «ection  thr 

A,i9  diffused  by  being brokea  into  two  component!— ski^. by  nSeclion°ud  nfincS... 
and  BCD,  by  Fetraccicm  slone.  The  ritemal  pnimi  on  unnged  in  a  Kria  of  longitudi- 
lul  flroQvea  on  the  outiide  suiface  of  the  globe.    In  order  tq  ac '■""  *" — '  j:-.-:i--.^—  -* 


reference  to  its  position  relative  to  the  source^  luht.    Thenfore  not*.  ___-_   ... 

BCtly  alike,  but  the  dimeniioos  of  each  of  the  four  lacMof  ajnoovt  orpiitm  do  not  divide 
more  than  one  thousandth  of  an  inch  from  their  calculated  duneniions.  Thii  Et«Bt  accu- 
racy itsbsolutdyeucntlal  in  the  couliucClan  of  the  Edobn;  for  otherwise,  the  ligbt  is  liable 
to  be  thrown  back  into  the  alobe .  thereby  tending  to  decrease  its  efficiency. 


a  filament  which  is  afterward  treated  W  heating  with  the  electric  current. 
In  o[>eration,  the  filament  vriU  weld  itseu  after  a  break,  and  since  it  is  very 
plastic,  the  lamp  is  best  used  tip  downward. 

Illumination. — The  term  "illumination"  may  be  defined  as 
the  density  of  light  flux  projected  on  a  surface,  and  by  extension, 
it  denotes  the  art  of  using  artificial  sources  of  light. 

The  problem  of  illumination  involves  the  aelecHon  and  arrangement 
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of  these  artificial  sources  of  light  so  that  the  objects  to  be  lighted  will  show 
up  to  the  t>est  advantage  and  with  the  minimum  amount  of  artificial  light* 

Comparative  Distribution  of  Liglit  from  Various  Sources. 

— The  incandescent,  osmium  and  Nemst  lamps  send  out  about 
as  much  Kght  upward  as  downward,  and  therefore,  reqtdre  the 
use  of  reflectors. 

The  electric  flaming  arc  sends  all  of  its  light  downward,  but  it  gives  very 
poor  lateral  illumination  and  strongly  illiuninates  only  a  limited  region 
fcelow  the  lamp.  The  electric  arc  is  best  at  about  30  degrees  below  the 
horizontal,  but  pretty  poor  immediately  beneath.  These  curves  indicate 
that  the  distribution  from  the  inverted  incandescent  gas  lamp  is  better 
than  that  from  any  of  the  other  sources. 

Globes  for  Arc  Lamps. — ^These  are  nmde  in  a  great  variety 
of  style  for  adapting  them  to  varying  conditions  of  service. 

They  are  usually  made  in  clear  glass  or  opal  as  desired. 

The  light  opal  is  the  most  suitable  for  interior  illtuninations  as  it  absorbs 
some  of  the  superfluous  violet  rays  without  materially  decreasing  the 
illtuninating  power.  Where  a  very  even  distribution  of  li^t  is  essential 
the  dense  opal  globe  gives  the  most  satisfactory  results.  Both  the  light 
opal  and  the  dear  glass  glpbes  can  be  employed  for  outdoor  lighting  although 
the  Hg^ht  opal  globe  is  preferable  on  account  of  its  superior  light  distributing 
qualities. 

Outer  globes  can  also  be  obtained  in  dense  opal,  light  opal,  or  clear  glass. 
Almost  all  indoor  lamps  except  those  of  the  metallic  arc  or  flaming  arc 
type  do  not  require  outer  globes,  but  their  use  is  imperative  with  all  types 
of  outdoor  lamp. 

Difhisers. — One  of  the  important  requirements  for  interior 
lighting  is  the  proper  diffusion  of  the  light  so  as  to  produce  a 
soft  even  illumination,  free  from  strong  contrasts  and  deep 
shadows  on  the  surface  illtiminated. 

The  distribution  of  li|;ht  from  enclosed  arc  lamps  is  much  improved  by 
the  use  of  diffusers  for  either  the  concentric  or  inverted  type. 

Holophane  Globes  and  Reflectors. — ^The  object  sought  in 
the  design  of  these  devices  is  to  obtain  the  proper  diffusion  of 


^ 
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ike  light,  and  to  redirect  ike  rays  in  useful  direction  and  prevent 
loss  of  light  by  providing  a  minimum  absorption. 

Good  niumination. — ^To  secure  good  illumination  certain 
conditions  must  be  fulfilled,  as  follows: 

1.  There  must  be  sufficient  illtunination.  Since  objects  are  seen  by 
means  of  the  light  which  they  reflect,  more  light  must  be  thrown  on  dark 
objects  than  on  light  ones. 

2.  There  must  not  be  too  much  iUtmiination.  Too  strong  a  light  tires 
the  eye,  partly  due  to  the  muscular  effect  of  contracting  the  ins,  and  partly 
because  of  the  strong  light  reaching  the  sensitive  retina. 

3.  Intensely  bright  lights  in  the  field  of  vision  should  be  avoided.  The 
iris  closes  somewhat  in  order  to  afford  a  protection  from  such  lights  and 
-the  amount  of  light  received  from  illuminated  objects  is  thereby  so  reduced 
that  they  cannot  be  seen  clearly. 

Tahie  of  Intrinsic  Brilliancy  of  Light  Soiireet 

Candle  power  Incandescent  lamps 

Carbon  3.5  watts  i)er  candle  875 

Carbon  3.1  watts  per  candle  480 

Metallized  carbon  2.5  watts  per 

candle  625 

Tantalum  2.0  watts  per  candle        750 

Mazda  1 .25  watts  i)er  candle  875 

Mazda  1 .  15watts  per  candle         1 ,000 

Nemst  1.5  watts  per  candle         2,200 

Sun  on  horizon  2,000 

Flaming  arc  5,000 

Open  arc  lamp  10,000-50,000 

C^)en  arc  crater  *  200,000 

Sun  30**  above  horizan  500,000 

Sun  at  zenith  600,000 

4.  Flickering  lights  should  be  avoided. 

5.  Lamps  should  be  so  placed  that  the  light  is  not  regularly  reflected 
into  the  eye. 

6.  Streaks  or  striataons  in  the  illumination  are  undesirable.  Arc  lights 
with  clear  elobes  show  this  phenomenon.  Open  reflectors  having  smooth 
interior  suixaces  should  be  used  only  with  frosted  lamps. 

7.  A  satisfactory  light  must  be  of  a  proper  qualitv.  It  should  have  a 
continuous  spectrum,  that  is,  one  containing  every  color,  in  order  that  the 
relative  color  values  of  objects  illuminated  may  be  the  same  as  when  seen 
by  daylight. 


Moore  tube 

per  sq.  m. 
.3—    1.75 

Frosted  incandescent 

2—    5 

Candle 

3—    4 

Gas  flame 

3—    8 

Oil  lamp 
Cooper-Hewitt  lamp 

3—    8 

17 

Wdsbach  gas  mantle 

20—50 

Acetylene 

75—100 

Enclosed  A.  C.  arc 

75—200 

Enclosed  D.  C.  arc 

100—500 
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TABLE  SHOWING  INCREASE  OP  ILLUMINATION* 


Ceiling 

Walls 

Increase 
over  calculated 

Very  dark 

Verv  dark. . .  • 

0% 
15% 
40% 
30% 
55% 
80% 

Medium.  .* 

Vcrv  dark 

Medium 

Meoium 

Very  light 

Very  dark 

Very  light , 

Medium 

Very  light 

Verv  lieht 

TABLE  OF  PROPERTIES  OF  VARIOUS  LAMPS 


Watts  per  lamp 

Effective  lumens    per 

lamp 

Lumens  per  watt 


MAZDA 


25    40  *60  100  150    250 

95  160  250  420  630  1090 
3.8  4.0  4.2  4.2  4.2    4.3 


Tantalum 


2.5 


Gem 


I 


Carbon 
3.1  w.p.c, 


1  8 


15 


The  expression  which  determines  the  number  of  lamp  given  above, 

IS,  expressed  as  a  formula 

xr     1.       r  f  square  feet  X  required  foot  candles 

Number  of  lamp  « ^^^* — =— -: — ; — ^ 1 

enective  lumens  per  lamp 

in  which  the  numerator  "total  lumens.  i 

TABLE  OF  SPACING  OF  UNITS  FOR  UNIFORM  ILLUMINATION 


Clear  holophane 
reflecton 

Extensive 

Intensive 

Focusing 


Heights  above  plane 
to  be  lighted 

to 


D "distance  between  units » side  of  square,  when  tuiits  are  placed 
sn  SGuares"- average  side  of  rectangle,  when  tmits  are  placed  in  rec- 
tangles. 


*NOTE. — Exampie  to  illtistrate  the  use  of  the  table  of  properties  of  various  lamp.  A 
store  6(K  X  160'  X  14'^is  to  be  lighted  with  "Mazda"  lamps.  Considering  the  goods  to  be  sold 
(crockery,  toys,  notions,  etc.)  table  on  page  3,860-500  shows  that  3.5  foot  candles  is  suffici- 
ent illumination.  If  clear  holophane  reflectors  be  used  the  values  for  lumens  effective  on  the 
Slane,  given  in  the  table  on  this  page  may  be  increased  by  10% ,  due  to  reflection  trom  fairly 
ght  walls.    Total  lumena  -  60  X  150  X  3.5  -  31.500. 
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TABLE  SHOWING  CONSUMPTION  OF  VARIOUS  LAMPS 


Crbon            1 

MoitU 

3.S  wKU 

.^^, 

» 

50 

100 

M 

Ui 

3i 

la 

32 

IS 

32 

.73 

13 

6 

.57 

t.M 
S 

IM 

210 

I7S 

160 

TABLE  OF  REQUIRED  INTENSITY  OF  ILLUMINATION 


Auditoriums,  theaUM . 

Bookkeeping 

Corridors,  halls... 
D^mts,  halls,  churches 
Drauehtin^  rooms 

Deskli^hting 

Engraving 

Factories   (individual 

Factories  (no  individ- 
ual drops) 

Hotel  halls 

Offices,  waiting  roc 
Private  offices.... 


General  offices 

Offices  with  desk  lights . 

Post  offices 

Reading 

Re^dences 

Stores  flight  goods).  . 
"  (diy^oods).., 
"     (clothmg) 

Store  windows 

Scho<d  rooms 

Saloons,  cafes 

Stations  (waitingroomt)    1 

Train  sheds 

Warehouses 
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CHAPTER  117 

Electro-magnetic  Induction 

The  tendency  of  electric  currents  to  flow  in  a  conductor 
when  it  is  moved  in  a  magnetic  field  so  as  to  **cu1f'  lines  of 
magnetic  Jorce  is  known  as  electro-magnetic  induction. 

Faraday  discovered  that  if  he  took  a  wire,  joined  its  ends  and 
moved  it  in  front  of  a  magneto,  a  current  would  be  induced  in 

the  wire.  The  current  is  called 
the  induced  current  and  that 
part  of  the  wire  moved  in  the 
magnetic  field,  the  inductor. 

All  dynamos  of  whatever 
from,  are  based  upon  this  dis- 
covery made  by  Faraday  in  1831 , 
which  in  rule  form  is  as  follows: 


Rule  25.— FARADAY'S  DIS- 
COVERY— Electric  currents  are  getp- 
crated  in  conductors  by  moving  mem 
in  a  magnetic  field,  so  as  to  cut 
magnetic  lines  of  force. 


Pig.  7,518. — Faradaw^t  dUeovrif:  If  a  loop  o£  wire  be  connected  to  a  galvanometer  and 
a  section  of  the  wire  AB,  be  moved  throu^  a  magnetic  field  as  shown,  the  galvanometer 
will  be  deflected  indicating  that  an  electrice  current  is  generated  when  a  conductor  is  moved 
in  a  magnetic  field  so  as  to  cut  lines  o/foru,  A  thorough  understanding  of  the  term  cut 
lines  of  force  is  highly  important. 


NOTE. — Michael  FaradaUp  bom,  1701,  died  1867. ,  He  was  an  English  scientist,  famous 
for  his  discoveries  in  chemistry,  electricity  and  magnetism.  He  first  produced  the  rotation 
of  the  magnetic  needle  around  the  electric  current  C1821)  based  upon  Oersted's  discovery  of 
electro-magnetism  in  1820;  he  discovered  electro-majgnetic  induction  (1831),  a  principle  upon 
which  is  founded  the  development  of  dynamo  machinery;  specific  inductive  capacity,  (1838); 
magnetic  polarisation  of  light  (1845);  diamagnetism  (1846).  He  was  a  brilliant  experimenter, 
and  coQtnbuted  greatly  to  the  knowledge  upon  which  is  baaed  present  day  practice  of  elec* 
tricity. 
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It  is  very  important  to  understand  the  meaning  of  the  term 
^^cut  lines  of  force'': 

A  conductor,  forming  part  of  an  electric  circuit,  cuts  lines  of 
force  when  it  moves  across  a  magnetic  field  in  such  manner  05  to 
alter  the  number  of  magnetic  lines  of  force  which  are  efvibraced  by 
the  circuit;  the  term  is  fully  illustrated  in  the  accompanying 
figures. 

The  proper  name  for  a  "conductor''  which  moves  across  a  magnetic 
field  is  an  tnductor. 


Pig.  7.519. — Electrownagnetic  induction  1:  In  order  to  induce  a  current  by  electromag- 
netic induction,  an  inductor  mtist  be  so  moved  through  a  magnetic  field  that  the  number  cf 
lines  of  farce  passing  through  it  (that  is,  embraced)  are  mitered*  If  a  coil  be  given  a  simple 
motion  of  translation  in  a  uniform  magnetic  field  as  indicated  in  the  figture.  no  current  will 
be  induced  because  the  number  of  lines  qf  force  passing  through  it  are  n<4  changed,  that  is, 
during  the  movement  as  many  hnes  are  lost  as  are  gained. 

Laws  of  Electro-Magnetic  Induction. — ^The  principles  of 
electro-magnetic  induction  are  set  forth  in  the  following  laws: 

Rule  2^.— FARADAY'S  DISCOVERY—ra  induce  a  current  in  a 
circuit,  there  must  be  a  reUUive  motion  between  the  circuit  and  a  magnetic 
fields  of  such  a  kind  as  to  alter  the  number  of  magnetic  lines  embraced  in 
the  circuit. 

Rule  27. — The  voltage  induced  in  a  circuit  is  proportional  to  the  rate  of 
increase  or  decrease  in  the  number  of  magnetic  lines  embraced  by  the  circuit. 

Rule  28. — When  a  straight  wire  cuts  100,000,000  lines  of  force  at  right 
angles  per  second,  an  electric  pressure  of  one  volt  is  induced. 
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Rule  i9j^-By  jowing  in  series  a  number  of  inductors  or  coils  moving 
in  a  mapieUc  fidd^  the  electric  pressure  in  the  separate  parts  are  added 
together. 

Example. — If  a  coll  of  wire  of  50  turns  cut  100,000  lines  in  ^/im  of 
a  second,  what  will  be  the  induced  voltage? 

The  number  of  lines  cot  per  second  per  turn  of  the  coil  is 

100.000  X  100  =  10,000,000 


I^iG.  7,520. — EUctromagnetie  induction  2:  If  a  coil  be  given  a  motion  of  rotation  from 
any  point  within  its  own  plane  so  that  it  passes  through  a  uniform  magnetic  field,  a  current 
will  De  induced  in  the  coil  because  the  number  of  lines  offeree  passing  tJiu^ough  it  is  altered* 


Fic.  7.521. — Eteetromagnetie  induction  J;  If  a  coil  be  given  a  simple  motion  of  transla- 
tion in  a  non-uniform  or  variable  magnetic  field,  a  current  will  be  induced  in  the  coil,  whether 
the  motion  be  from  the  dense  to  the  less  dense  region  of  the  field  or  the  reverse,  because  the 
number  of  lines  of  force  passing  through  the  coil  is  aUered, 
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The  total  number  of  lines  cut  by  the  coil  of  SO  turns  is 
10,000,000  X  50  -  500,000,000 
which  will  induce  a  preGSure  of 

600,000,000  -i-  10"  =  6  volU 
JIuIe  30. — A  decrease  in  the  number  of  magnetic  Unes  which  pats  throitgh 
a  circuit  induces  a  current  around  the  circuit  in  the  positive  direction. 

The  term  positive  direction  is  understood  to  be  the  direction  alcmg 
iriiich  a  free  N  pole  would  tend  to  nr — 


PlOS.  7,622  and  7,523.— FItmina'i 


Eximdilu  thumb. 


ft  thoroughly  uaderHtood. 


Pic.  7,824. — The  palm  rule  fi 
rent:    I/lhtp^m  of  Ih,  r.V..  , 
dbidim  of  the  Una  afforu.  the 
Ike  molwii,  then  the  finteri  nill  ^c 


'  direction  of  indooed  a 
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Rutt  St.— A  n  inereaie  in  the  number  of  maptttie  lines  tskidi  pass  throu^ 
a  circuit  induces  a  current  in  the  negative  dirtction  around  the  circuit. 

Rule  32. — The  approach  and  recession  of  a  conductor  from  a  Mopief 
poU  will  yield  currents  alternating  in  direction. 

Since  the  strength  of  the  field  depends  on  the  proximity  to  the  pole, 
the  approach  and  recession  of  a  conductor  involve  an  increase  and  decreost 
in  the. rate  of  cutting  of  magnetic  lines,  hence  a  reversal  ot  current. 


Fig.  T425. — Eiptiiment  I  iOuitiatins  Leni'i  Ibw.  If  ft  copper  nngbs  held  in  front  of  an  of 
lUTy  dectroiDagnet,  and  the  cumnt  citculating  throuabtheioou  of  thenucoct  b*  in  n 
a  ditiction  ai  to  magnetiie  Ihe  core  as  indicated  bf  tha  kttera  S.N.  then  u  the  curri 
incruKs  in  the  coil  more  snd  marc  cf  the  lam  of  force  proceeding  bom  N ,Mn throi: 
the  ring  OO,  Irom  left  to  right.  While  the  field  11  thui  maeawig  cumnt  will  be  indtii 
in  Uie  copper  una  in  the  direction  indicated  by  the  (iiswi,  luch  cuirenu  tendina  to  Kt 
a  field  that  would  pau  through  the  ring  from  Tiaht  to  left,  and  would  ihenfon  rMonf  t 
growth  of  the  field  due  to  the  electro-mainet  M. 


Pie.  7.S28.— A  mle  for  direction  ot  induced  current  which,  in  some  cases,  is  more  nnntnleoUy 
■P^Kd  than  FlemitiH'i  rule:  HsU  Iht  thumb,  /anfinttr  and  trmaimnt  fiilirs  <if  Ihtritlit 
h»d  M right  anglfs  to  taih  olhir;  placi  Me  Aand  in  jwl.  fioiilumlhatlhifvifinttrpctnlitH 
Iht  ii'Klim  of  nofim  of  the  cmditctor.  Iht  Ikrrt  finitrl  in  the  dirtUbm  of  On  lintt  ifjcrlt,  IhM 
wOl  Iht  IhurrA  poinl  in  Ihe  dirnlian  of  Iht  induced  carrml. 
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Aula  S3. — The  more  rapid  Ike  molioH,  Ae  lather  wiU  be  Ike  induced  mag- 
nelic  force. 

Aute  M.— LENZ  hAW— The  direction  of  Ike  induced  current  ie  always 
such  IfuU  its  magnetic  field  oppoteM  Ike  motion  whiek  produces  it. 

Hence,  because  of  this  opposition,  power  must  be  expended  to  operate 
a  dTiiama. 

Self-Inductloii. — ^This  tenn  signifies  the  proferty  of  an  elec- 
tric ettrrent  by  virtue  of  which  it  tends  to  resist  any  change  of  value. 


Tp£2T. — Exp«Tunent  illu£tTatJn^  Lenti'  law.  In  orda  to  produce  the  ir 
iTgy  mufit  be  expended  in  brin^mg  the  magnet  to  the  coil  and  in  taking  it  i 
it  vhat  happens  in  produong  an  electric  current  with  a  dynamo — it  lakei 


Self-induction  is  sometimes  spoken  of  as  electromagnetic  inertia, 
and  is  analogotis  to  the  mechanical  inertia  of  matter. 

Huet. — Why  do  sparks  sometimes  appear  at  the  brushes  of  a  dynamo? 


Mutual  Induction. — ^This  is  a  particular  case  of  electro- 
magnetic induction  in  which  the  magnetic  field  producing  an 
electric  pressure  in  a  circuit  is  due  to  the  current  in  a  neighbor- 
ing circuit. 
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CHAPTER  118 

Dynamos 

A  dynamo,  or  so-called  "generator"  converts  mechanical 
energy  into  electrical  energy  by  means  of  electromagnetic  induc- 
tion.* 


•-e«yu 


Pig.  7,528. — Simple  elementarv  alternator.  /*•  parf  artfa  single  conducting  loop,  A,B  .C.D, 
f»laced  between  the  poles  of  a  permanent  magnet,  and  having  its  ends  connected  with  a 
ring  P,  and  shaft  G,  upon  which  bear  bT*ishes  M  and  S,  connected  with  the  external  cir- 
cuit. When  the  loop  is  rotated  clockwise  the  induced  current  will  flow  in  the  direction 
indicated  by  tiie  arrows  during  the  first  half  of  the  revolution. 

♦note. — ^The  author  objects  to  the  term  "generator"  because  the  machine  does  not  gene- 
rate electricity  but  simply  pumps  it  from  a  low  to  a  high  pressure,  similar  to  the  operation  ot  » 
jnunp  in  pumping  water.    Hezice  a  dynamo  is  an  electric  pump. 


3,868  -  508 
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The  three  essential  parts  of  a  dynamo  are:  the  field  magnets  which  pro- 
vide the  magnetic  field;  2»  the  armature,  containing  the  conducting  loops 
(winding)  which  are  arranged  to  rotate  in  the  fidd  and  which  cut  the 
magnetic  lines  of  force ,  and  Z,  the  commutator,  which  takes  off  the  current 
gen'Trated  in  the  armature,  converting  it  from  alternating  current  to  direct 
current. 

Operation. — The  current  generated  by  a  loop  rotating  in  a 
magnetic  field  is  alternating;  that  is,  it  flows  in  one  direction 


fOlC 


ERNA\.  CIRCUIT 


Pig.  7,529. — Simple  elementary  alternator,  showing  reversal  of  current  when  the  loop  has  made 
one  half  revolution  from  the  position  of  fig.  7,528.  It  should  be  noted  that  A  B,  for  instance, 
which  has  been  moving  downward  during  the  first  half  of  the  revolution  (fig.  7,528),  moves 
upward  during  the  second  half  (fig.  7,529);  hence,  the  current  during  the  latter  interval  flows 
in  the  opposite  direction. 

doing  one-half  revolution,  and  in  the  other  doing  the  second  half. 
Hence,  to  understand  how  a  dynamo  works,  first  consider  the 
elementary  alternator  in  figs.  7,528  and  7,629,  which  delivers 
alternating  current  as  shown  in  figs.  7,630  to  7,636. 


•M 


m   I: 
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Now  once  a  dyn&mo  most  deliver  direct  cvrrmt,  a  cranunidiEbcnr  or  device 
for  converting  altematii^  to  direct  current  is  necessary.     This  device 
'  \  series  of  copper  bars  or  segments  arranged  sile&T  sde  and 
)tneachother.  Thevayitworksi9aAciwniafig9.7,93ato7^1. 


Tleld  Magnets. — The  object  of  the  fididmafnetsis  to  produce 
an  intense  magnetic  field  within  which  the  anoatuFe  levcdves. 


Fot  this, permanent  magHetsare  tised  in  magnetos  and  eUctro-m^ntU 
m  dynamos. 

A  £dd  in^net  consists  of:  1,  yoke;  2,  cores;  3,  pole  pieces;  4  coils.  Va- 
rious types  of  lield  magnets  are  shownin  figs.  7^542  to  7,544.  One  method 
of  securing  the  coils  in  position  is  shown  in  fig.  7,568. 


The  pole  faces  are  made  larger  than  the  coils  in  order  to  reduce  the  relttc- 


CB.  T.SKl 

in  the  reJuctftnc«  ^  the 
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bi'-^lar  when  they  h&ve  two 
poles,  and  muUi'P<iair^  when 
there  are  more  than  two  poles. 


Eddy  Currents;  Lam* 
inated  Fields.— The  field 
magnet  cores  and  pole 
pieces,  as  well  as  the  ar- 
mature of  a  dyiiamo  are 
specially  subject  to  eddy 
currents, 

Eddy  currents  are  in- 
duced electric  currents  oc- 
curring when  a  solid  me- 
tallic mass  is  rotated  in  a 
magnetic  field; 

These  currents  consume 
a  large  amount  of  energy 
iand  often  occasion  harmful 
rise  in  temperature.  This 
loss  may  be  almost  entirely 
avoided  by  laminating  the 
pole  piece,  or  both  pole 
piece  and  core. 

A  laminated  pole  is  one  built 
up  of  layers  of  iron  sheet, 
stamped  from  sheet  metal  and 
insulated. 

In  best  construction  these 
laminated  pole  jiieces  are  cast 
welded  into  the  frame  or  yoke 
to  reduce  the  reluctance  of  the 
magnetic  circuit. 
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The  Magnetizing  Coils.    The  object  of  these  is  to  proBide 

ihe  number  of  ampere  turns  of  excitation  required  to  produce  the 
required  magnetic  flux  through  ihe  armature. 

The  coils  may  be  spool  or  former  wound.  The  spools  upon  which  coils  are 
wound  are  usually  insulated  with  several  layers  of  paper  preparations. 

Where  pole  pieces  are  simply  eitensiona  of  the  cores  without  enlareement, 
the  coils  CBi  be  slipped  over  Uie  ends,  but  some  kind  of  clamping  device  is 
necessary  to  hold  them  in  placBi 


—Fort  Wayne  laminated  pole  piece  before  being  east  welded  into  f  ™e.  Jfi 
1,  the  »bove  core  and  pole  piece  is  made  upot  ehesM  of  aniiealecl  ateel  «  W 
Jtha  aisembled  togetfiei  to_fonn  proper  auo  and  shape.     The  minute  ij 


fecent  widths  

l-f—Tl  these  laminai 
irably  the  eddy 


B  sHHht_0; 
FiQS.  7,561 , — Method  of  winding  mastnet  spool  >c 


po  ends  of  tlw  coil  will  o 


7  5e2lo7.56S. — Core  and  edge  Mrip  winding  for  ahunt  field  eoil»  o(  large  moUipolar 
namo.  S.  topper  strip:  C,  core.  Thm  ulndtng  cantUlm  of  a  copper  stiapS,  cwefuJly 
nilaled  and  jiaced  edgewise  on  the  co»  C,  in  a  einsle  layer  of  wiodmg.  With  thii  ar- 
ngemeat,  the  apace  occupied  by  insulation  is  leduced  to  a  minimum. 
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Coils  are  generally  united  in  series  so  that  the  same  magnetizing  current 
may  flow  through  all  o£  them.  The  coils  should  be  so  connected  that  they 
produce  alternate  north  and  south  poles. 

Heating. — Dissipation  of  the  heat  generated  in  the  magnetis- 
ing coils  takes  place  in  three  ways:  by  induction,  radiation,  and 

connection.     In  large  multipolar  machines    the    metal    in    the 


Hid  7.567 .-^uara  and  heiagonal  order  of  "bedding."    The  term  bedding  is  an 

ire.aainfig.  7.506  and  when  wound  in  some  other  tray,  ai  in  eg.7.66T.  In  tha 
^  of  bedding,  the  degn«  of  beddiog  equals  zen. 


Fig.  TJWS. — Method  of  securing  coils  in  pontioa  when  the  pole  pieces  are  simply  eitensionl 

of  the  core  without  enlargement. 
Fig,  7,5ae. — Port  Wayne  compound  wound  rectangular  ventilated  spool  field  coil. 

pole  cores  and  frames  are  more  efficient  in  carrying  off  heat  than 
the  external  siuiace  of  the  coil. 

Ventilation. — Sometimes  provision  is  made  for  ventilation 
of  the  field  magnet  coils  as  shown  in  fig.  7.569. 
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The  Armature. — This ,  by  definition ,  is  a  collection  of  indue- 
tort  {erroiteou$Ig  catted  conducton)  mounted  on  a  shaft  and 
arranged  to  rotate  in  a  magnetic  field  vntk  provision  for  collecting 
the  currents  induced  in  the  inductors. 

The  inductors  consist  of  coils  of  insulated  wire. 


:h  directed 


Fio.  7.571. — ElementMy  fmir  cml  dnan  arniitun!  Blowing  winding,  c 

conditions.    Starting  from  the  part  a.  imd  (allowing  the  winding  aianna  wili 

fiiitto  the  commutalor,  it  will  be  found  that  the  nctanguUi  turns  of  the  w 

circuit,  and  arc  Electrically  in  Ecriefl  with  one  another  in  the  order  of  the  nun 

them.    With  lespect  to  the  connections  to  the  toot  leginentl  w.x,i,  of 

it  will  be  found  that  at  two  of  theM  «  mnd  y,  the  pteaiuns  in  the  windings  i 

bora,  or  both  directed  loaiard  the  junction  with  the  connecting'  win.    At  tan  oidet  two 

■egments.  I  sad  ttr,  one  pressun  is  towanl  the  junctioa  and  the  other  directed  from  it.    If. 

therefore,  the  brushes  be  placed  on  «  and  y  they  will  aupply  cmrent  to  an  eitemal  circuit. 

■  and  w.  tor  the  moment  being  the  tegmenta. 

inductora  of  a  ring  annaturc   which  lie  on   the  inner  side  of  the  iron  ring, 

beii^  acrewiod  btm  practically  all  the  lines  of  force,  do  not  produce  any 

ctnrent. 
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d  in  tlffi  taUe  bdow. 


In  the  drum  annature  only  the 
end  conneortors  are  inactive. 

The  inductors  oF  disc  onnaturea 
move  in  a  plane ,  perpendicular  to  the 
direction  o£  the  lines  of  force,  about 
an  axis  parallel  to  them.  The^  were 
introduced,  in  an  efiort  to  avoid  the 
losses  due  to  eddy  currents  and 
hysteresis  present  in  the  other  types 
of  aimatuic,  but  because  of  difficidty 
in  maidnK  them  durable  their  inherent 
advantages  failed  to  justify  the  esift- 
tencc  of  the  type, 
re  core  showing  in  poBitfon  the  fint  chI  oE  tha 


■ 
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Fig.  T,S73. — Partial  skstch  st  i  four  pole  machine  laid  od  : 
himjeLf  placed  at  the  ceat«r.  and  the  panorama  of  the  fc. 
the  developed  view  thu»  obtained  would  BtipeBr  u  in  fig.  7. 

'Pig.  TiSTl.' — Developed  view  of  the  four  pole  field  ehown  in  j 


f<l^°8«i 


penpective  in  fig.  7,573. 


WINDING  TABLE 


A 

1 

6 

B 

B 

3 

8 

C 

C 

5 

10 

D 

1^  m   m 

D 

7 

12 

E 

1               h- 

E 

9 

2 

F 

t              1 

F 

II 

4 

A 

I 


Pios.  7.S7B  and  7.S78.— Wooden  am 

winding.    B^  uBina  iitnnge  of  diflen 

''  '    eaaUy  traced  when  the  wind 


windiog  tal 
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Armature  Wind- 
ings.— ^There  are  two 
distinct  methods  em- 
ployed in  winding 
armatures  known  as: 
1,  parallel  or  lap 
winding,  and,  2,  series 
or  wave  winding. 

A  lap  winding  is 
one  in  which  the  ends 
of  ike  coils  come  back 
to  adjacent  segments  of 
Ike  commutator;  tke 
coils  of  such  a  winding 
lap  over  each  otker. 

A  wave  winding  is 
one  in  which  the  coil 
ends  diverge  and  go  to 
segments  widely  sepa- 
rated,  the  winding  to  a 

^E     certain   extent    resem- 

'°|     bling  a  wave 

Directions  for  the 
order  of  winding  are 
usually  givea  in  the 
form  of  a  table.  Thus, 
tables  for  the  lap,  and 
•wave  windings  of  figs. 
7,580  and  7  583,  are  as 
follows: 


3^78 -SIS 


B  — 3—  8  — C 
C  —  5  —  10  —  D 
D  — 7—  2  — E 
E  — 9—    4  — F 


Wave  winding 
A  — 1—  4  — C 
B  — 3—   6  — D 


FtG.  7,681.— DevclojMil  view 


peispectlvs  in  Gg,  7,530. 


ockwise,  as  in  figs.  7,590  and 


.7,584.— Developed  vi 


3380-620 


Fm.  7jS8S. — Dutinctioa  betwaeo  SUmtnt  mlndint  and  ehard  tsiiulint-    In  cues  iriien 
the  front  Knd  buck  pitcbs  an  » tikea  that  the  avenge  pitch  diS«ra  coniidenihlr  ttoai  tht 

vidue  obtainrd  by  dividing  tha  number  of  inductcm  by  the  number  of  poles,  tb ' 

U  eslled  a  chord  winding.  In  thii  method  each  coil  ii  laid  on  the  drum  so 
arc  of  the  ■rmatuneurf  ue  neiuiy  equal  to  the  angular  pitch  of  the  poles:  it  b  ao 
ihart  puck  viiHttnf . 

I 


multipolar  macbine  ibowins 
aniutar  piuli  at  ipreod  c^  dmin  cob. 


L  number  of  coil;  in  thia  ca 


Fics.  7,SSS  and  7,GM.— nvfradBB  and  rwtrognaMlM  wwn  wiadiaes.  If  llu  front  and  badi 
piMrn  of  a  temi  vinding  be  nuh  tital  i'h  tracint  At  caau  r^  Iht  tnndinj  Orouih  ai  numy 
aiUt  at  Uttre  art  fain  of  pala.  a  stpntnl  ii  rtaihtd  in  adtantt  of  tht  one  from  uUcJt  Ibi  slarl 
nasmadi.lkewindiHtistaldlobtProirasice.asiiifii.  7.BSS.  If  the  piuliabe  such  thalim 
Pacini  Uit  viiulint  llnmth  at  m«ny  aUi  oi  Atrt  ar>  pairi  of  faUi,  tht  first  letmtKt  0/  tht 
comimitator  b  nol  atcomUtrid  or  paittd  atcr,  Iht  «f>Ml£u  U  rata  ta  B<  r^trofrt    '~  ~     " 


7^1,' 


PICS.7.W0  and  7^1. — Sight  and  left  hand  windiags.  These  conaistRBpectivelyoftutniwhicb 

^--^  ' — — '*  '■'' *-"  -x  tight  or  left  handed  fashion.  Thui  ia  £g,  7,59J  in  pasuna  around 

.  a,  to  b.  the  path  ol  the  winding  is  a  tight  handed  apiraU  In  fifl, 
al  of  a  drum  armature,  ifa.be  taken  u  the  stortind  point,  in  ffoiufl 

of  Uia  JMemdinc  inductori  such  aa  M.  from  which  at  the  hack  end  another  connector  mu« 
}oin  it  to  DIM  df  thB  ucending  inducton,  iitch  ai  S   wbers  it  u  led  to  ft   thug  maldoE  one 
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Number  of  Brushes  Required. — ^For  lap  winding^  there 
will  be  as  many  brushes  as  there  are  poles  y  sittiated  in  regular 
order  arotind  the  commutator  and  at  angular  distances  apart 
equal  to  the  pole  pitch.  For  wave  winding,  only  two  brushes  are 
required  for  any  number  of  poles  ^  the  angle  between  the  two  brushes 
being  the  same  as  the  angle  between  any  N  and  S  pole. 

Number  of  Armature  Circuits. — ^Por  a  simplex  spirally 
wound  ring,  the  number  of  paths  in  parallel  is  equal  to  the  number 


J2J0  AMP. 


AZO  AMP 


120  AMP  •■ 


Fig.  7,592.— ^Distribution  of  armature  currents  in  a  four  pole  lap  wound  dynamo  having  four 
brushes  and  generating  120  amperes. 

Fig.  7.593. — Showing  effect  of  removing  two  of  the  brushes  in  fig.  7,592.  If  no  spark  difficulties 
occur  in  collecting  the  current  with  only  two  brushes,  the  arrangement  will  work  satis- 
factorily, but  the  heat  losses  will  be  greater  than  with  four  brushes. 

of  poles,  and  for  a  simplex  series  wound  ring,  there  will  be  two 
paths.  In  the  case  of  multiplex  windings  the  number  of  paths 
is  equal  to  that  of  the  simplex  winding  multiplied  by  the  number  of 
independent  windings. 

In  large  multipolar  dynamos  it  is,  as  a  rule,  inadvisable  to  have  more 
than  100  or  150  amperes  in  any  one  circuit,  except  in  the  case  of  spedal 
machines  for  electro-chemical  work. 


L    Equalizing    Rings. — ^There    are    sometimes    provided    on 
parallel  wound  armatures  to  counteract  the  effect  of  unbalancing 
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Field  Distortion. — In  the  operation  of  a  dynamo  with  load, 
the  induced  current  flowii^  in  the  armature  winding,  converts 
the  armature  into  an  electro-magnet  setting  up  a  field  across  or 
at  right  angles  to  the  field  of  the  machine.  This  cross  magnetiza- 
tion of  the  armature  tends  to  distort  the  field  produced  by  the 


theefft . 

or  distorted  field  u  in  lis.  7,567.    j 
caused  1»^  the  kCtractioa  lu  the  aorth 
ively.    Field  dntortioa  causei  u 
nude  to  overcome  thii.  a*  by:  ] 
8,  ilottiog  the  pola  piece*,  eod  1, 


le  bottom  of  the  srmatufe  as  shown.    Now  li 

is  to  distort  the  field  of  the  nui|Dets  Biving  a  remltlDt 
rag  or  mistance  to  the  rotatioa  of  the  arawtun  !■ 

«outh  poles  on  the  Brmature  and  pole  pieces  Teipect- 

itisfactory  opetatinB  and  numerous  attempts  have  beta 


T,.f'>8.~-Actual  dinoTtioD  of  tield   t 
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Pta.7.SM.— Magnetic  hystsmiaicBmu 
ths  polH  of  the  Geld  magnet.    Since 

cliBDge  the  positions  of  the  molecuLea  a 
oE  heat  at  the  upenH  of  a  portion  of  ' 

Fig.  T.SOO.— Effect  of  slotted  armature 

oicilUtioiu  of  the  mascetic  flux  in  the  iron  i 
wee  PPp  tend  to  crowd  tovrard  the  n£areat  ^ 
This  fluctuation  of  tha  magnetic  Uiw«  product 
nated.  The  aimatura  inductoiB,  bung  scree 
which  is  taken  by  ths  teeth. 


,  UoIilcDpolesare  induced  in  the  core  oppoaite 


4  because  tha  Unea 
ts  in  the  pole^faces 


FW.  7,WI . — Diitribution  irf  magnetic  liiwa  through  a  ring  armature.^  Since  thi 
the  metal  of  the  ling  instead  oE  penetratins  the  interior,  no  electric  prHsurr 
in  that  portion  of_the  winding  lying  on  theXteriar  suifaca  of  the  i:—     Th.™ 


don  of  magnetic  liiKB  through  &o 


field  magnets,  the  effect  being  known  as  armaiure  reaction,  as 
shown  in  figs.  7,597  and  7,598. 

Ma^etic  Hysteresis  in  Armature  Cores. — When  an 
Annature  rotates  in  a  magnetic  field,  the  armatiire  coil  is 
subjected  to  opposite  magnetic  inductions  which  occur  with  gretU 
rapidity,  resulting  in  the  generation  of  heat  at  the  expense  of  a 
portion  of  the  energy  required  to  drive  the  armature 


idksted.  /ni>nie(ie«tiiettim 


This  loss  of  energy  is  due  to  the  work  required  to  change  the  position  of 
the  molecules  of  the  iron,  and  takes  place  both  in  the  process  of  mwnetiziiig 
and  demagaetizini;;  the  magnttism  in  each  ease  lagging  behiiid  thefitea, 

Self-Inductioa  in  the   Coils. — In  an  ammtiure  coil  the 

adjacent  turns  act  inductively  vpon  each  other  upon  the  principie 
of  the  mutual  induction  arising  between  two  separate  adjacent 
circuits 
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This  self-induction  opposes  a  rapid  rise  or  fall  of  the  induced  current,  the 
effect  being  similar  to  the  inertia  of  matter  which  prevents  any  instantane- 
ous change  in  its  motion.  The  self-induction  is  one  of  the  factors  whidi 
enters  into  brush  adjustment  requring  additional  lead  to  prevent  sparldng. 

Eddy  Currents  in  Armature  Gore. — ^Armature  cores  as 
well  as  field  cores,  are  subject  to  eddy  currents  which  consume 
considerable  energy  and  often  cause  harmful  rise  of  temperature. 

To  reduce  eddy  currents  to  a  minimum^  armature  cores  are 
laminated. 


Fig.  7,604. — ^Eddy  currents  induced  in  a  solid  armature  core.  Eddy  currents  always  occur 
-when  a  solid  metaUic  mass  is  rotated  in  a  magnetic  field,  because  the  outer  portion  of  the 
metal  cuts  more  Imes  of  force  than  the  inner  portion,  hence  the  induced  electric  pressure 
not  being  uniform,  tends  to  set  up  currents  between  the  points  of  greatest  and  least  pres- 
sure. Eddy  ctirrents  consume  a  considerable  amount  of  energy  ana  often  occasion  harmful 
rise  in  temperature. 

E^^G.  7,605. — Armature  core  with  a  few  laminations  showing  effect  on  eddy  currents.  In  prac- 
tice the  core  is  made  up  of  a  great  number  of  thin  sheet  metal  discs,  about  No.  18  gauge, 
and  introduces  so  mucn  resistance  between  the  discs  that  the  formation  of  eddy  current* 
is  almost  entirely  prevented. 


NOTE.— Foucaul/  or  ^'eddy*'  currents  in  armature  core.  When  the  construction  of 
txe  armature  core  and  inductors  does  not  fulfil  the  necessary  conditions  required  for  the  pre- 
en^on  of  eddy  cturrents,  such  as  the  laminations  not  being  sufficiently  insulated  or  numerous 
Esotsgh.  a  great  heating  of  the  whoteof  the  armature  results,  which  may  even  extend  to  the 
ea.'xings.  There  is  no  remedy  for  this  defect  other  than  the  purchase  ox  a  new  armature,  or 
be  entire  reconstruction  of  the  old.  The  fault  may  be  detected  by  exciting  the  field  magnets 
a<S.  running  the  machuie  on  open  circuit,  with  the  brushes  raised  o£E  the  commutator  for  some 
e.  when  the  armature  will  be  found  to  be  excessively  heated. 


NOTE.— Jeoft  Benutrd  Leon  FoutiawUt,  bom  1810,  died  1868,  was  a  French  scientist. 
a.<±  inventor,  noted  for  his  optical  researches  and  his  investigations  in  connecUoa  with  eddy 
(,  these  being  caUed  Foucault  currents  after  him. 


NORMAL  NEUTRAL  PLA 


AXIS  OF  ARMATURE 


a.  7,607.— The  pniper  poaitioo  o(  the  bniahtj.  if  tliere  wem  no  field  dimortiDn.  eeli- 
induction  in  the  uniture  coils  would  be  in  the  nomiBl  neutral  plane.     In  the  actual 

bmibes  as  ahown  in  figi.  7.608  and  7,009  to  aecure  ipuklesa  commutsticm. 

.a.  T,eOS.— Bnuh  adjiuttnent  for  Hmld  aitlorllon.    The  eSect  of  the  latter  ia  to  twist  the 

inclined  plane.  The  brushes  then  must  be  advanced  to  the  neutrai  plane  which  is  at  risht 
angles  to  the  plans  of  manimum  inductjoci-  Tlua  givvs  the  proper  position  of  the  brushes 
Hfileclint  sdf-indnction  ^ 


t  in  the  abort  circuited  cral  due  to  self-ioductioii.  brings  it 


ll 

if 
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K"^^  IMSULATION 

StCTION   ON  LINE   MS 


aecTioN  ON  LINE  *fsr 


Pic,  7,816  to  7,620— r«l. 

Pio.  7.Slfl,' — CammutatiDa  befiiru^  current  flows  up  bath  Bides  of  tfaa  annjiture,  imit-mg  h 
And  flawing  to  the  brush  through  commutator  segment  1  u  mdicated  by  the  arrow. 

Fig.  T,817. — Segment  2 hoa  coms  into  contact  vith  the  bniih  and  coil  F,  in.  vhich  commutat 
is  taking  place,  is  nov  ihort  ciicuited.    The  current  cow  divida  at  M,  part  passing  to  i 

' hthnughaagrneatS,  and  part  through  ccnlF,  and  legmant  1.    AlthoughcoitF,is>b 

itedand  having jpaised  iIib  neutral  plane,  jar  "' "■- '' " '  —  -"-  - 


circuitsdai 


HiiadiiBCtv 


nt  in  tha  oppoaifa  diiactioa,  it  iliU  contiauca  to  Sow  with  uaehaogsd  direction  against 
opposing  c<MidiCioni.  Thii  ia  due  to  ielf-inducUon  in  the  coil  whiui  reiiiti  any  change 
II  ths  momentum  of  a  heavy  moving  body,  sucli  as  a  traia  of  can,  oOera  resistance  to 


ic  Reld  Co  the  right  oE  th 


I  brush,  and  the  opposition  offered  to  the 
:  coil  F.  by  the  reverse  inductioii  in  the 
.6nally  brought  the  currenlin  F.torett, 
r  flow  direct  to  the  brush  through  their 

with  the  brush.    A  current  haa  now  been 


l1  plane;  it  ilowa  to  the  brush  through  le 
Irength  in  F,  accordingly  part  ot  the 
Sows  to  the  brush  through  segment  L 


up  (lom  tha  right  no  longer  divides  at  S,  but  flows  thioughF,  and     „  .  

U  tho  current  in  F,  had  not  reached  its  full  value,  at  the  uisUnt  segcaent  t  left  contact  with 
tha  brush,  it  could  not  iramediatel/  be  made  to  flow  at  lull  speed  any  moie^than  could  a 

induction  in  thecoil  or  the  so-called  "inerlia"  of  Iheciirient  which  opposes  any  sudden  change 
In  its  lata  otflow  or  direction.  Accordingly  thatponianof  the  current  which  was  flowing  up 
from  tha  right  and  passing  off  at  E ,  to  the  brush  through  segment  1  as  in  fig.  7.619,  wcsild, 
when  this  path  is  suddenly  cut  off  as  in  fig.  7.820,  encounter  enormous  opposition  m  coil  P. 
Hence,  it  would  momenlarily  lontmuo  to  flow  through  segment  1  ani  jump  the  air  gap 
between  this  segment  and  the  brush,  resulting  la  a  more  or  less  micnse  spark  depending 
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The  coil  connecting  with  the  two  segments  under  the  brush  is  thus  short 
circuited.  During  commutation  the  current  in  the  short  circuited  coil  is 
brought  to  rest  aad  started  a^ain  in  the  reverse  direction  against  the  Oppo- 
Btioo  gScred  by  its  eo-called  inertia,  or  cSect  produced  by  self-induction. 


^ 


lover  type;  fig.  7,flat 


Pios.  7,aZ7  to  7,630. — ■VBTioiu  f ormi  of  brush.    Pia.  7,627,  gauEe  hnish;  fii 
ated  or  utrip  bfuah;  fig.  7,629,  itrip  and  wire  brush  at  usb'         "  " 

fig.  7,630.  cubon  b^^li.    Carbon  ii  piefened  to  capper  ii 


iTi;  fij^..  7.a 


Fig.  7,831. — Contact  angle  f 


'c  placed  radially  u 
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difEerent  xnaterials,  such  as  copper  or  brass  gauze,  bundles  of 
wire,  carbon  blocks,  etc. 


Copper  brushes  tend  to  tear 
and  roughen  the  surface  of  the 
commutator  while  carbon 
brushes  tend  to  keep  the  sur- 
face smooth.  Copper  brushes 
will  .  carry  from  150  to  200 
amperes  per  sq.  in.  of  contact 
surface;  carbon  brushes,  from 
40  to  70.  Uslial  contact  press- 
ure 1  Ji  to  iH  lbs.  per  sq.  in. 
Commutator  rim  velocities 
vary  from    about     1,500    to 


FiG.7,632. — SSvriM  dynamo,  used  for  series  lightiiiK.  and  as  ft  booster  for  Increasing  the 
pressure  on  a  feeder  canying  ctirrent  furnished  by  some  other  dynamo.  The  coils  of  the  field 
magnet  are  in  series  with  those  of  the  armatare  and  external -circuit,  and  consbts  of  a  few 
turns  of  hcavy^  wire.  MM.  field  coils;  BB,  brushes;  C,  commutator;  L,  lamp.  Charaeter- 
Utie»s  It  furnishes  current  with  increasing  voltaij^  as  the  load  increases.  If  overloaded,  the 
voltage  will  drop. 


2,500    feet    per    minute. 
^   The  voltage  drops  for  car- 
bon brushes  is  about  .8  to 
1  volt  at  each  contact. 

Classes  of  Dynamo. — 

With  respect  to  the  field 
winding,  dynamos  may  be 
divided  into  three  import- 
ant types:  1,  series;  2, 
shunt,  and  3,  compound. 


Fig.  7,683. — Skunt  dynamo,  used  for  parallel  circuit  incandescent  lighting,  and  for  mill  and 
factory  power.  The  coils  of  the  field  magnet  form  a  shunt  to  the  main  circmt;  they  consist 
of  maxiy,  turns  of  fine  wire  and  consequently  absorb  only  a  small  fraction  of  the  current 
induced  in  the  axmattire.  MM,  field  coils;  BB,  brushes;  C.  commutator;  L,  lamp  circuit; 
R.  field  xlieostat.  Charaet9ri»tic9:  It  gives  practically  constant  volti^se  £or  all  loads  within 
its  range.    If  oveiloaded  the  voltage  wSl  drop  and  the  machine  cease  to  generate  current. 
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A  serieB  dynamo  is  one  in  which  all  the  current  produced  flows  throiigh 
the  field  wining. 

In  a  shunt  dynamo  only  a  portion  of  the  total  current  passes  through 
the  fidd  magnet. 

A  compound  dynamo  has  a  series  winding  around  which  the  main 
current  flows,  and  a  shunt  winding  through  which  a  fraction  of  the  main 
current  flows.   These  various  windmgs  are  shown  in  the  accompanying  cuts. 


w>*>^ 


COMPOUND 


Fig.  7,034. — Compotmd  dynamo,  used  when  better  automatic  regulation  of  volta^Bon  con- 
stant pressure  circuits  is  desired  than  is  possible  with  the  shunt  machine,  as  for  incandescent 
lighting  or  long  lines.  The  compotmd  dynamo  is  a  combination  of  the  series  and  shunt  types, 
that  is,  the  fidd  maapeit  is  excited  by  both  series  and  shtmt  windinfi^.  SS^series  winding; 
PP.  shunt  winding;  K,  shtmt  rheostat;  C,  commutator;  L,  external  circuit;  X),  series  cutout 
switch  which  permits  dynamo  to  run  as  a  simple  shunt  machine.  Charaeterimtiems  The 
series  coils  strengthen  the  fidd  as  the  load  rises,  and  by  varying  the  ntunber  of  series  turns, 
different  restdts  may  be  obtained.  If  the  series  coils  be  of  many  turns,  the  field  magnets 
will  be  so  strengthened  as  to  cause  the  voltage  to  rise  with  increase  of  load.  This  is  caltod 
over  compounding* 


OPERATION 


Starting  Dsmamo. — ^The  difTerent  types  of  dynamos  will 
require  different  treatment  in  starting,  as  follows: 

Series  Dynamo, — ^The  extended  circuit  should  be  closed,  otherwise  a 
closed  circuit  will  not  be  formed  through  the  field  magnet*;  and  the  machine 
will  not  "build  up."  The  term  huUd  up  means  the  gradual  increase  of 
voltage  to  maximum. 
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Shunt  Dynamo, — ^All  switches  controlling  the  external  circuits  should 
be  opened ,  as  the  machine  excites  best  when  this  is  the  case.  If  the  machine 
be  provided  with  a  rheostat  or  hand  regulator  and  resistance  coils,  these 
latter  should  all  be  cut  out  of  circuit,  or  short  circuited,  imtil  the  machine 
excites,  when  they  can  be  gradually  cut  in  as  the  voltage  rises. 

When  the  machine  is  giving  the  correct  voltage,  as  indicated  by  the 
volt  meter  or  pilot  lamp ,  tibe  machine  may  be  switdied  into  connection  with 
the  external  or  working  circuits. 


RHEOSTAT 


SWITCH 


Pio.  7,635. — ^The  two  path  method  of  regulatinga  series  dynamo.  The  shunt  current  is  regulated 
by  the  rheostat.    In  this  way  the  field  strength  is  easily  regulated  by  switch  L. 

Pig.  7,636. — ^Regulation  of  series  dynamo  by  variable  field.  A  multi-i>oint  switch  L is  provided 
with  connections  to  the  field  winding  at  various  sections,  thtis  permitting  more  or  less  of  th& 
field  winding  to  be  cut  out  to  regulate  its  strength. 


Pig.  7,637. — ^Resulation  of  shunt  dynamo   by  method  of  varying  the  field  strength  with 
rheostat  switcA  L. 

If  the  machine  be  working  on  the  same  circuit  with  other  machines,  or 
with  a  storage  battery,  it  is,  of  course,  necessary  to  make  the  voltage  of 
the  machine  equal  to  that  on  the  line  before  connecting  it  in  the  circuit. 

If  the  machine  work  alone,  the  switch  may  be  closed  either  before  or 
after  this  voltage  comes  up.  The  load  will  be  thrown  on  suddenly  if  the 
switch  be  closed  after  the  machine  has  buiH  up  its  voltage,  thus  causing  a 
strain  on  the  belt,  and  possibly  drawing  water  over  the  engine  cylinder* 
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MAIN  CIRCUIT 

'ics.  7,038  sod  7,638,— Short  and  longihuirttiTiB  of  compound  wound  dynimot.    The  dk- 
tincdon  betweea  the  too  ii  that  ttas  end*  of  the  itio  '    '  '  ''  '-•-•• 

tennin«l«,iriiile  in  the  long  ihuntly        "     "' 
bnuh  teiminal  and  the  oUier  with 


7.b30,  oneendoftheil 

...minal  connecting  the  ai 

.    Ki  it  the  (hunt  field  rheoatat  for  repilatiog  th«  cun 


a  ita  field  and  thoiefora  the  to 


Pic.  7,640.— Separately  e>eiwd-dyo»nio.  This  method  of  field  ei 
far  alternators;  it  is.  however,  to  be  found  occasionally  in  tlrei 
thunt  Geld*  of  sU  the  dynsmoa  being  sepafatclr  excited  by  ou 

voltage  of  the  inachLne  is  independent  of  variations  in  the  load. 

Pro.  7.Mi. — DobiDWolsld  three  wire  dynamo  used  for  three  wire  aystem  without  balancer. 

TTii>  nFmntim  A.  i«tjinnw1  Hi-,  f-vn  nnint*    Band  B',  and  comlKtod  to  »9m  rinDa  CXV .     A  rnm- 

i  two  halves  of  which  there 


pensator  or  reactance  coil  D.  between 
lealci«e ,  is  connected  to  C  and  C.  by  brusnes, 
to  the  neuiial  wire  E,    CharBClerlillci  The : 
without  eeiious  disturbance  of  the  pressure  c 

ry  of  the  aifanjwment,  tlH>  center  point  ■ 


tuiiti 


.  _.idd1e  point  tapped  and  coDoecled 
!•  capable  of  feeding  unbalanced  loads 
side  of  the  system.  Evidently,  from 
"  e  coil  must  always  be  appnminately 

---'incad  cmrtM  will 


DYNAMOS 


B37  .  3,897 


Again,  if  the' switch  be  closed  before  the  voltage  of  the  machine  has  oome 
up,  the  load  is  picked  up  gradually,  but  the  machine*  may  be  slow  or  may 
even  refuse  to  pick  up  at  all.  Failure  to  pidc  up  may  be  due  to:  1,  too 
little  esctemal  resistance;  2,  improper  brush  adjustment;  3,  loss  of  residual 
magnetism;  4,  wrong  field  connections,  etc. 

Compound  Dynamo. — Cut  in  all  field  resistance  and  bring  machine 
up  to  speed;  cut  out  field  resistance  until  voltage  <^  dynamo  eqiials  or  is  a 
tnfle  above  that  of  bus  bar;  throw  on  the  load. 

Coupling  of  Dynamos. — ^For  very  large  and  variable  loads 
two  or  more  dyamos  are  used,  the  niunber  coupled  together  at 


Fig.  7,642. — ^Diagxam  iUustrating  forces  acting  on  a  dvnamo  armatuie.  In  ihe  figure  the  nor- 
mal field  magneto-motive  force  is  in  the  direction  of  the  line  1 ,2,  produced  by  the  field  circttit 
G,  if  there  were  no  current  in  the  arff^ture.  But  as  soon  as  the  armature  current  flows, 
it  produces  the  opposing, force  3,4,  which  must  be  combined  with  1,2  to  give  the  resulting 
force  to  produce  magnetism  and  hence  voltage.  The  resultant  1,5,  if  8,4  be  large  enough, 
does  not  differ  much  from  the  original  force  1,2.  Or,  expressed  in  a  more  physical  way, 
the  brushes  E,P,  rest  on  the  commutator  and  all  the  turns  embraced  by  twice  the  angle 
6,3,  P^  oppose  the  flow  of  flux  through  the  armature  core  as  well  as  all  the  turns  embraced 
by  twice  the  angle,  7,3 ,B.  The  remaining  turns  distort  the  flux,  making  the  pole  comers 
at  A  and  B ,  denser,  and  at  C  and  D ,  rarer.  So  that  all  the  effect  is  to  kill  an  increase  of  flux , 
or  voltage .  This  cross  magnetism  tends  also  to  decreaje  the  flow  of  flux ,  for  the  extra  ampere 
turns  required  to  force  the  flux  through  the  dense  pole  tips  are  greater  than  the  decreased 
ampere  turns  relieved  by  the  reduction  of  flux  at  the  other  pole  tips*^  this  follows,  since  iron 
as  It  increases  in  magnetic  density  requires  ampere  turns  greater  m  proportion  than  the 
increase  of  flux. 


any  time  depending  on  the  current  demand;  then  the  output  of 
one  can  be  added  to  that  of  another,  so  that  the  dynamos  actually 
at  work  at  any  moment  can  be  operated  as  nearly  as  possible  at 
full  load. 


J 
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In  coupling  dynamos  in  series,  the  current  capacity  of  the  plant  is  kept 
at  a  constant  '^ue,  while  the  output  is  increased  in  proportion  to  the 
pressures  of  the  machines  in  circuit. 


Fig.  7,643. — Series  dynamos  in  '9eri€9.  The  positive  tenninal  of  one  dynamo  is  connected  to 
the  negative  terminal  of  the  other,  and  the  two  outer  terminals  are  connected  directly  to 
the  two  main  conductors  or  bus  t>arB  through  the  ammeter  A,  fuse  P,  and  switch  S.  If  tt 
be  desired  to  regulate  the  iiressure  and  i>utput  of  the  machines,  variaUe  resistances,  or  hand 
regulators  R,  R^,  may  be  arranged  as  shunts  to  the  series  coils  as  shown,  so  as  to  divert  a 
portion  or  the  whole  of  the  current  therefrom. 


Fig.  7,644. — Series  dynamos  in  paraUBU  The  ends  of  the  series  coils  are  connected  when  they 
join  on  to  the  armature  circuit  by  a  third  connection  ccdled  the  equaliser  which  prevents  the 
tendency  in  series  dynamos  to  reverse,  that  is,  the  fields  in  the  dynamos  being  maintained 

fsffl  below  that 


are 
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When  connected  in  parallel,  the  pressures  of  all  the  machines  are  kept 
at  a  constant  value,  while  the  output  of  the  plant  is  increased  in  proportion 
to  the  current  capacities  of  the  machines  in  circuit. 


SHUNT  COILS 


Pig.  7,645. — Shunt  dynamos  in  aerie*.  The  positive  temunal  of  one  machine  is  joined  to 
the  n^sative  of  the  other,  and  the  two  outer  terminals  connected  through  the  anmieter  A, 
fuses  FP',  and  switch  S,  to  the  two  main  conductors  or  "omnibus  bars.  The  ends  of  tiie 
shunt  coils  may  be  connected  to  the  terminals  of  their  respective  machines,  or  they  may  be 
connected  in  series  as  shown. 


Pig.  7,646. — Shtini  dynamos  in  pareJUeU  The  terminals  are  connected  in  parallel  to  the  bus 
bars  through  the  double  pole  switches  SS,  and  fuses  P,P'.  Ammeters  AA',  are  inserted,  and 
automatic  cutouts  AC,  Au',  are  sometimes  provided.  Both  the  shunt  ooik  are  connected  in 
series  and  a  field  rheostat  R,  provided.  Sometimes  the  shunt  coils  are  connected  to  the 
terminals  of  each  machine  witii  individual  field  rheostats  but  the  former  method  is  better. 
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Uncoupling  of  Dsmamos  in  Parallel. — ^The  load  of  a  com- 
pouild  djoiamo,  as  in  the  case  of  a  shunt  machine,  is  first  reduced 
to  a  few  amperes,  either  by  easing  down  the  engine,  or  by  cutting 
resistance  into  the  shunt  circuit  by  means  of  the  hand  regulator, 
and  then  opening  the  switch. 


Fig.  7,647. — Compound  dynamos  in  9eri99»    Short  shunt  coxmection.    Tlio  dotted  lines  io" 
dicate  the  changes  necessary  for  long  shunt  connection. 


SHUWT  W115  ^^  5HUNT  COll.5  ^ 


Pio.  7,648. — Compound  dynamos  inparatteU  The  equalizer  for  the  series  coils  is  necessary 
for  satisfactory  operation  as  in  series  dynamos.  S,S'.  switches;  P,F',  fuses;  A^'. 
ammeten;  AC,  AC,  automatic  cutouts;  V,  voltmeter;  R.R',  shunt  field  rheostats. 


DYNAMOS 


541^a,901 


Previous  to  this,  however,  it  is  advisable  to  inp:ease  tljie  voltage  at  the 
bus  bars  to  a  slight  extent,  as  while  slowing  down  the  engine  the  lokd  upoa 
the  outgoing  dvnamo  is  transferred  to  the  Other  dynamo  annatims,  and 
the  current  in  their  series  coils  not  being  increased  in  proportion,  the  voltage 
at  the  bus  bars  is  consequently  reduced  somewhat. 

•  ■ 

Attention  While  Running. — ^An  important  item  is  the 
adjustment  of  brushes,  because  if  this  be  neglected,  the  machine 
may  spark  badly  which  will  necessitate  frequent  refiling  of  the 
commutator  and  brushes  to  secure  good  contact.  The  best 
lead  for  brushes  can  be  found  by  rotating  the  rocker. 


SHUNT  OOIUS    n" 


Fig.  7,649  .--Diasram  showing  anotUer  and  better  method  of  coupling  compound  dynamov 
in  parallel.  With  this  arrangement  the  idle  machines  are  completely  disconnected  from 
those  at  work.  The  same  reference  letters  are  common  in  both  diagrams.  S,  S',  are  switches; 
F,  F'  ftises;  A,  A',  ammeters,  whidi  indicate  the  total  amount  of  current  generated  by  each, 
of  the  machines;  AC,  AC.  automatic  switches,  arranged  for  automatically  switching  out 
a  machine  in  the  event  of  the  pressure  at  its  terminals  tseing  reduced  through  any  cause; 
R,R'.,are  hand  regulators,  inserted  in  the  shimt  circuits  of  each  <^  the  machines,  by  meana 
of  which  the  pressures  of  the  individual  machines  may  be  varied  and  the  load  upon  each 
adjtisted.  The  pressure  at  the  bus  bars  is  given  by  the  volt  meter  V,  one  terminal  of  which 
is  connected  to  each  of  the  bars;  a  second  volt  meter  may  be  used,  to  jsive  the  pressure  of 
any  individual  machine,  by  connecting  "volt  meter  keys  to  the  terminals  of  each  of  the 
machines, , or  a  separate  volt  meter  may  be  used  for  each  individual  machine..  The  only 
essentia  loifferenoe  between  figs.  7.644  and  7,449  is,  that  in  fig.  7,644  the  equaliser  bconnected 
direct  to  the  positive  brushes  o£  all  the  dynamos,  while  in  fig.  7,449  the  equaliser  is  brou^t 
up  to  the  switch  board  and  arranged  between  the  two  bus  bars,  a  switch  being  fitted  for 
disconnecting  it  from  the  circuit  when  the  machine  to  which  it  is  connected  is  not  working. 
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Stopping  a  Dynamo. — ^Pirst  reduce  load  gradually  by  slowing 
down  engine,  and  do  not  open  main  switch  tuitil  machine  is 
suppljang  little  or  no  current. 

This  reduces  sparking  at  switch  contact  and  prevents  engine  racxnf:. 
/Hien  volt  meter  ahnost  indicates  zero  raise  brushes  to  prevent  damage  m 
case  engine  makes  a  backward  movement  (espedaUy  a  gas  engine)  before 
coming  to  rest.  Caution,  it  brushes  be  raised  while  there  is  much  voltage 
the  insulation  of  madiine  may  be  damaged,  and  with  large  shunt  machines 
operator  is  liable  to  receive  a  severe  sh<xk. 


Pig.  7,650. — ^Method  erf  overoominginsufficieiit  residual  magnetism.  When  connected  at  ihown 
and  dicuit  completed  by  switch  S,  the  voltage  of  the  battery  will  be  added  to  any  small 
voltage  generated  in  the  armature. .  When  the  machine  Is  started,  the  combined  voltages 
will  probably  be  able  to  send  sufficient  current  through  the  shunt  to  excite  the  machine. 
As  the  voltage  rises  and  the  strength  of  the  cturent  in  the  shunt  windings  mcieases,  cut  out 
battery  by  opening  switch  S. 

Pig.  7,651 . — Method  of  testing  for  break  bv  short  drcuittng  the  terminals  of  the  machine.  If 
the  external  circuit  test  out  apparently  aU  right,  and  there  be  no  defective  contacts  in  any 
pstrt  of  the  machine,  and  all  short  circtiiting  switches,  etc..  be  cut  out  of  circuit,  the  machine 
still  refusing  to  excite,  short  circuiting  the  terminals  of  the  machine  should  be  tried.  This 
should  be  done  very  cautiotisly,  especially  in  case  of  a  high  tension  machine.  It  is  advisable 
to  have,  if  possible,  only  a  portion  of  the  load  in  circuit,  and  the  short  circuit  shotdd  be 
effected  as  shown  in  the  figure.  The  short  circuit  may  be  made  by  momentarily  bridging 
across  the  two  terminals  oi  the  machine  with  a  single  piece  of  wire.  As  this,  however,  is 
liable  to  burn  the  terminah,  a  better  plan  is  to  fix  a  short  piece  oi  scrap  wire  m  one  termbial, 
and  then  with  another  piece  of  ^insmated  wire  make  momentary  contacts  with  the  other 
terminal  and  the  short  piece  of  wire.  If  the  machine  excite,  it  wiu  be  at  once  evident  by  the 
arc  which  occurs  between  the  two  pieces  of  wire. 


0 


HHiHli 

BATTERY 


WELL  SCRAPED  SURFAC 


Pic.  7,652. — Method  of  testing  dynamo  for  short  circuits.  T,  T,  are  terminals  under  test. 
In  temting,  of  a  deflection  of  the  needle  ^be  produced  when  the  galvanometer  terminal  is 
in  contact  with  either,  the  terminals  are  in  contact  with  the  frame,  and  they  should  then 
He  removed,  and  the  fault  repaired  by  additional  insulation  or  by  reinsulating. 
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CHAPTER  119 

D.C.  Motors 

A  motor  is  a  maekitu  for  converting  electrical  energy   tnto 
mechanical  tnergy;  it  is  constructed  in  the  same  manner  as  a 
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Vii».7,tS6to7,6m.—BowaD.C.IItotorWorki,n!Cjclet^oiientioa-.Vig.7,Ke.hmii^ 
of  R'ndutirm,  oimitsta  and  magnet  polctiaoppaBMiUKCtioiwandheDce  Uty  ("like    pds*) 

TDtstB  •rmatan.rinra  nugnetu:  line*  of  Biagnet*  and  ■nnctim  an  panUdi  bat  ihiiuiiIiik 
of  the  ■rmature  Ummd  to  ba  ToUtiiic)  CUTK*  it  put  thu  dead  center  (joM  ■■  k  >teun  cn^ns 
wneaitadeadcenter),  whennclockwuatonpiBiapiDducedbr  thcoppoahionotf  lihepQiM, 
ris.T.BS?.  MnvohitlonpoiitioniKniwtnnpola  at  right  anglM  or nudiray  between  inasbBt 
poie>;  hen  nie  torque  il  due  to  tJte  ■Dual  hiriifii(/vcufi/'r«pul«fcn(^ttte^al«aii'«HrBB- 
ilonqfuaUkf  tola.  Fis.T.US,  Mrerolutianpoeitioniat  thi*inttaBtUtanu<w(#<iIarAy 
far<PT»«<lbylhererenJ  ofcuneiit  flovingiuthe  amutDreooDdneto  brmbei  paiinw  to 
opposite  aBanient  of  conuDutator;  tliB  magaetie  Unei  bang  uralkl.  five  a  aecond  dead 
csater  vOhllkm  tola  r^ttUnM  taeh  clktr  timOai  aa  in  6B77,&e,  momtnlumtarTyiiu On 
armalm  paH  On  inictmUr.  W«.  T.eW.  X  tevUntkai  podtwn.anBatBre  polea  maJa  at  n^ 
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dynamo.     As  with  dynamos,  there  are  three  general  types  of 
motors: 

1.  Series;    2.  Shunt;    3.  Compound. 

Their  characteristics  are  given  below. 

Series  Motor. — It  is  inherently  a.  variable  speed  motor  starting  with 
Tety  powerful  torque.  On  very  light  load  the  speed  becomes  dangerously 
high ,  hence  it  should  be  used  only  where  the  load  13  never  entirely  removed 
or  where  close  attention  is  maintained.  Should  ne^er  be  used  with  a  belt, 
but  always  by  coupUi^  chain  or  gear.  Used  chiefiyfor  hoists,  cranes,  street 
railways,  and  fans. 


ttD.C.MotOTWorkt,mi  Strle$uwltrvithtariabUloai.    Sne* 

through  both  the  uma tun  and  field  Coil*  Ui  ifrnifM  ofthi  mamt 

■        '••      '■-■'■         -•     ■  eauH,  the  motor  to  dow 

se  current  will  flovthrouch 

magnets  nioducing  a  very  Btrona  toniq*  to  eury  the  load.    Again,  it 

-^-'~.7.8B' —  ^ " ' "■ '- — 


icilk  Ihal  of  the  armalure  fiM.     Ni 
mfiB.7.8Bl.the 


eqidlibniim  vith  the  lo 


It  will  weaicea  both  the  ai 


Kit  speed  up  and  increase  tile  re 


roltaga 


id  magnet  fields  ODtil 


Compound  Motor. — Since  this  motor  is  a  combination  of  the  shunt 
and  series  types,  it  partakes  of  the  properties  of  both.    The  se 
gives  it  strong  torque  at  starting  (though  not  as  strong  as  i 


Iway  betnxcTi  mBgnet 
of  rtpuUlon  of'llk* 


roltaf,  which  tt 


re,  fas  in  fig.  7, A6T) 'he  torque  ia  due  to  thv  ^ui 
i  attraelUm  of  unllln  pota.  Now  at  all  time 
sArio  pressure  in  the  coil  !n  a  direction  opposti 
idicated  by  tha  dotted  arrnw,  called  the  rmtrt 
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Pica,  7.883  and  T.663.— Hbio . 
itrnifU  of  Ihe  naimt  fitld  re 
htaVTi  load  chuh  the  motor  I 

li^um  u  cslaM^ied  betwei 


arvWiTarlaHiloail.   Tkt 

., ri  )i€ld  varits.    Now  if  » 

ia  fig.  7,662.  theievenevoltagavUl  beieduced 
Iju  iiio  anngturo  which  inereaiei  tha  torque  tin  eqtii- 
!  and   load.     Acain,  if  ths  load  be  Teduccd,  the  motor 
-'-  -        '13  constant  ^mtwl  of  being  reduced  aa  in 

in  speed  (or  eid»r  heavy  01 


:  iield  which  diitorta  the  original  field  u 
aide  and  leu  dense  on  the  other.  This  re 
a  dynamo  (tu.  7.665)  opposea  ita  movcm 
:  of  a  motor  (Sg.  7.e6«). 

tionotths  magnetic  f ores  In  a  dynamo  aitd.m 


Flc5,T,6e6and..  .      _  .. 

■tance.  according  to  Lenz'  law.  thedi . 

oppose  the  motion piodudns it.   In  thaopention  olamotor.the 

thTough  the  aimatura  winding  distort!  the  field  and  thui  produce. , 

the  direction  o£  the  force  is  cleariy  indicated  by  remftmbenng  that  the  distorted  lines  of  fon* 
actliluTubberbanditendingtOBttaighUDandr'' 


.    In  thofititin- 
ipplied  id  flowing 


lie£fluiea, 
esoffom 
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motor),  while  the  |)resence  of  the  shunt  winding  prevents  excessive  speed. 
The  speed  is  practically  constant  under  all  loaids  within  the  capacity  of 
the  machine. 

A  compound  motor  should  be  used  in  preference  to  a  shunt  motor  where 
frequent  starting  and  reversing  are  necessary.  For  severe  mill  service,  the 
winding  is  heavily  compounaed  (called  over-compounded)  ^  having  onlv 
enough  shunt  winding  to  limit  the  light  load  speed.  At  heavy  loadB  ssxctk 
motors  act  virtually  as  series  motors. 


ARMATURE 


FIELD 


OFF  POSITION 

o 


RHEOSTAT 


Pig.  7,668.— Series  motor  connections.  To  •tart  the  motor,  the  circuit  is  oompkted  through 
a  variable  resistance  or  rheostat  by  moving  the  switch  S,  so  that  the  resistance  R,Ri,RtiRa» 
are  gradually  cut  out  of  the  circuit .   To  9top$  the  switch  S ,  is  moved  back  to  its '  'off' '  position . 


A  ARMATURE 


i 


FIELD 


RHEOSTAT 


Pig.  7,660. — Shunt  motor  connections.  In  •tarting,  unless  the  field  magnets  he  put  in  the 
circuit  ^r9tp  the  armature,  at  rest  because  of  its  low  resistance  would  probably  bum  out. 
To  •teart,  the  switch  is  closed,  and  the  rheostat  lever  pushed  over  so  as  to  make  contact 
with  A  and  B,  thus  first  exciting  the  magnets.  On  further  movement  of  the  lever,  the 
rheostat  resistance  R,RiJRi,R4,  etc.,  are  gradually  cut  out  as  the  speed  increases,  untfl 
finally  all  the  resistance  coils  are  cut  out.  To  mtop,  the  lever  is  brought  back  to  its  original 
position. 
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A  series  motor  has  usually  only  tiro  tenninals  coming  out  from  the 
caie,  whereas  a  shunt  macfame  has  three  or  four;  three,  by  bringing  to- 
gether one  srmature  and  one  field  terminal  inside  oi  machine,  if  the 
UiB  direction  of  rotation  be  fixed    - 


,  .—  lint!  a  forci,  Hun  viU  Ike  tni  or/orrfiifer.  „ 

foM  in  Uk  dimlum  in  mucib  Uie  uMduOar  is  wfi. 
Fig.  7,071  — Speed  reffulatiDn  of  fihunt  motor  by  iiuertiDf  Tuiabls  n 


r  cutraa,  Om  Srd,  ^U  imd  ^Ujiiwct  i» 


i(M  antia  to  Ike  oOerl, 


MAIN  CIRCUIT         

Pro.  7^872. — Speed  ngutation  of  seriei  motor  by  outtinp  out  eectiona  of  the  field  windii 
moving  the  lever  S,downirard  the  cuiient  mil  fion  Uirough  one  or  more  sectdom  of  1 
winding,  tboB'  decnoDiig  or  Increaaiiia  the  ampere  tuma  and  thereby  providing  m 

Fro.  T.S73. — Speed  regulation  of  teriei  motoi 
A,  to  B,  divide!  between  the  magnet  coik 
the  rheoiUt  the  leia  current  paaatt  througl 
the  stronger  the  ileld  magnet- 
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Fics.  7JB7B  to  7.677.— Holter-Cabot  thuirt  mund  motor;  diwnm>  ihorlni 
poditau  of  indei  poiiit  for  fmniid  and  nvecsa  mutios.  To  npartm, 
A  and  B,  and^ifain  bniih  line  u  ihown.    Before  ttartinf,  ks  that  i 


4  nCFt  in  proper  positiai 

In  c»»  o£  troublB  nulla 

itch.  piitTheostatoQ  front  conti 


i^r.  ""ifiH^tw  ^  not . 

load  on  the  mutor:  «.  ths  i 
Idnd;  «,  m  shoTt  circuit  of . 
iicd.  Todothis.eloHinaiiiiwiHra. 

or  other  piac*  oi  non  against  pole , 

magiHtitcd.  Stopplnm.  Osoi  main  svitch  and  lever  nt 
a  brief  interval  &i  tuck  to  Snt  contact.  Raantnw  tmmi 
to  th«  band ,  test  byplacinB  thetmometer  for  10  minutei  ai 
OTpiecoof  waste.    The  teinperatuR  should  not  be  over  TS*  1 

insair.    OlUng.  Uh  good  "dynaniD  Dil";  if  in  dirty  pUc^ 

tlsee  monthi.    Cart  of  motor,    Thematormuitbelc^clan.    Iftheco 
roaBh,  imoothit  upwithNo.OOr     '-   -  ^  _.. ■...  .7.     mi__  » 


landfrabeneaih 


IS  be  renewed  befon 


,tened  nithoil.    When 
until  they  fit  the  commutatoi 
nd  paper,  having  the  rough  aii 


e,  and  thia  Duly  in  very  >i 


3,910-660 


D.C.  MOTORS 


D.C.  MOTORS 


551-3^11 


ia  wriai  ud  coaiKCUd 
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CHAPTER  120 

Alternators 

'  •        ■  '     -  -  •  i 

An  alternator  is  a  machine  for  producing  alternaUng  current. 
There  are  many  types  of  alternator  and  these  may  be  classified 

1.  With  respect  to  the  current  as 

a.  Single  phase 

b.  Twopnase 

c.  Three  phase 

2.  With  respect  to  construction,  as 

a.  Stationary  field 

b.  Revolving  field 

c.  Inductor 

Alternators  are  usually  multipolar,  having  north  and  south  poles  alter- 
nating around  the  field.  The  number  of  changes  of  direction  of  the  current 
per  revolution  is  the  same  as  the  number  of  ^oils  in  the  armature  or  poles 
m  the  field,  the  armature  coils  in  simple  current  machines  being  equal  in 
number  to  the  poles.  The  field  magnets  are  often  excited  by  a  separate 
generator. 

Single  Phase  Alternators. — As  a  general  rule,  when  alter- 
nators are  employed  for  lighting  circuits,  the  single  phase  ma- 
chines are  preferable,  as  they  are  simpler  in  construction  and 
do  not  generate  the  unbalancing  voltages  often  occurring  in 
pol3rphase  work. 

A  single  phase  alternator  consists  essentially  of  an  armature,  single 
phase  wmding,  field  magnets  and  two  collector  rings  and  brushes  throuf;h 
which  the  current  generated  in  the  armature  passes  to  the  external  circuit. 
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magnets  are  attached  to  the  circular  frame,  similar  to  dynamo 
construction.  The  machine  may  be  single  or  pol3rphase  and 
is  used  where  the  pressure  and  current  are  moderate. 

Stationaiy  Armature  Alternators. — ^In  this  type  ihe  field 
revolves  while  the  armcOure  is  attached  to  the  circular  frame. 

Since  motion  is  purely  a  relative  tnatter  it  makes  no  difference  whether 
the  armature  or  field  revolves. 


"^^ESPO^  H0UR==^^^^5^  ^^ 


MflG.  7,602. — Marine  view,  showing  that  motion  is  pwrdy  a  rdative  matter.  In  order  that 
there  may  be  motion  something  must  be  re^;arded  as  being  stationary .  The  atnaildonf  run- 
ning at  a  speed  of  four  miles  per  hour  against  the  current  is  moving  at  that  velocity  rdative 
to  the  ctirrent ,  yet  is  at  a  standstill  relative  to,  the  cat  boat.  In  this  instance  both  cat  boat 
and  dory  are  moving  with  respect  to  the  water  if  the  latter  be  regarded  as  staticmary.  Again 
if  the  earth  be  regaraed  as  being  stationary,  the  two  boats  are  at  rest  and  the  water  is  moving 
relative  to  the  earth.  Hence,  it  makes  no  electrical  differnice  if  an  alternator  be  constructed 
so  that  the  armature  revolve  (regarding  the  earth  as  stationary)  as  in  fig.  7,690,  or  the  field 
magnets  revolve  as  in  fig.  7,691. 

The  advantage  of  making  the  armature  stationary  and  letting  the  field 
revolve,  is  that  in  the  case  of  large  size  machines,  the  difficulty  of  taking 
off  currents  of  high  amperage  or  high  voltage  from  collector  rings  is  avoided. 

The  terms  statar  and  rotor  are  tisually  applied  to  the  armature  and  field 
magnets  with  respect  to  which  is  stationary  and  which  moves. 

Inductor  Alternator. — In  this  class,  both  armature  and  field 
fnagnets  are  stationary  ^  a  current  being  induced  in  the  armature 
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turns  (for  given  magnetic  flux) 
necessary  to  produce  a  given 
pressure  is  twice  tha.t  required 
in  an  alternator  having  an  al- 
temating      flux     through      its 


Fig.  T.S99.  —  WotinghouH  field 

bdtcd  Jt«iu 

copper  ban  of  ^le  uoortiueor  cage  winding 
airanged  in  partiiUy  cloisd  iloU    in  the    pole 


Hunting  or   Singing. — 

Hunting  is  a  term  applied 
to  the  state  of  two  parallel 
connected  alternators  run- 
ning out  of  step,  or  not 
synchronously,  that  is,  "see 
sawing." 

When  two  machines  are  oper- 
ated in  parallel  with  ''peaked" 
t™7  .-^"  tar«.r       P^'   wave   it  is   di&cult  to 

.  ,..  rent*  hunting  •od     keep  them  in  Step.    Anydiffer- 

thn  pole  piece*..     The      ence  jn  the  phase  relation  which 

"  set  up  by  the  (dtemation  will 

.use  a  local  or  synchronizing 


•Iher  tooth,  and  the 
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current  to  flow  between  the  two  machines  and  at  times  it  becomes  so  great 
that  they  must  be  disconnected.  This  trouble  is  avoided  by  the  tse  of 
dampers  and  amorUsseur  windings.  The  latter  are  often  erroneously  called 
squirrel  cage  windings. 

Monocyclic  Alternators. — ^These  are  singk  phase  machines 
provided  with  an  additional  coil,  called  a  teaser  coil,  wound  in 
two  phase  relationship  with  and  connected  to  the  center  of  the  main 
single  phase  coil. 

The  monocyclic  alternator  is  provided  with  three  collector  rings;  two  for 
the  single  phase  coil,  and  one  for  the  free  end  of  the  teaser  coil. 
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Pig.  7,702. — Diacram  of  monocyclic  system  showing  connections.  The  monocyclic  system  is 
a  single  phase  system  primarily  intended  fox  the  distribution  of  lights  with  an  incidental 
load  of  motors.  The  lighting  load  is  entirely  connected  to  one  single  phase  circuit,  and  the 
motors  are  started  and  operated  from  this  circuit  with  the  assistance  of  the  teazer  wire. 
The  teaser  coil  to  which  tnis  wire  is  connected  generates  a  pressure  in  quadrature  with  that 
oi  the  main  coil.  This  pressure  is  combined  with  the  main  pressure  of  the  alternator  by 
transformers,  so  as  to  give  suitable  phase  relations  for  operatmg  induction  motors. 

By  this  arrangement  ordinary  single  phase  incandescent  lighting  can  be 
accomplished  by  means  of  a  single  pair  of  wires  taken  from  the  single  phase 
coil. 

Where  three  phase  motors  have  to  be  operated,  however,  a  third  wire, 
called  the  power  wire,  which  is  usually  smaller  than  the  main  single  phase 
wires,  is  carried  to  the  point  at  which  the  motor  is  located,  and  by  the  use 
of  two  suitabl^r  connected  transformers  three  phase  currents  are  obtained 
from  the  combined  single  phase  and  power  wires  for  operating  the  motors. 
This  type  of  alternator  was  designed  prior  to  the  introduction  (rf  the 
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Armature  Reacrion. — ^Every  conductor  carrying  a  current 
creates  a  magnetic  field  around  itself,  whether  it  he  embedded  in 
iron  or  lie  in  air. 

Armature  inductors,  therefore,  create  magnetic  fluxes  around  themselves, 
and  these  niutes  will,  in  part,  interfere  wiui  the  main  flux  from  the  poles 
of  the  field  niagnet,  tending:  1,  to  distort,  or  2,  to  weaken  the  field.  Arma- 
ture reaction  is  especially  marked  in  slotted  ai 


5.  7,703  and  T,7(M. — Section  of  ■rnutors  and  Bt]d  ■howiag  dlilortlng  tffta  of  ai 

.D/4inn  nn  *>i»  ^^\A       TCh*-i  ^  OOll  «  Opp0^t«  B  Dolo  OS  in  fig,  ly^ ■*■  ■- 

ind  the  fieia  is  unduturbcd ,  but,  u 


t,  coil  ia  oppwite  a  pole  as  in  lig,  7.703,  no  current  is  flowing 


»  polafecB  M  in  Gs.  7,70*.  c 

cated  by  the  dotted  tin».  Thil  dirtorti  the  nuin  field  » that  the  I: 
toward  the  forward  part  of  the  pole  face  as  shown. 


Ma^etic  Leakage. — In  the  design  of  alternators  the  drop 
of  voltage  on  an  inductive  load  is  mainly  dependent  upon  the  mag- 
netic leakages,  primary  and  secondary. 


They  increase  with  the  load,  and,  what  is  of  more  importance,  they 
increase  with  the  fall  of  the  power  factor  of  the  circuit  on  miich  they  may 
be  working.  This  is  one  reason  why  certain  types  of  alternator,  though 
setirfactory  on  a  lighting  circuit,  have  proved  themselves  unsatisfactory 
when  applied  to  a  load  consisting  chiefly  of  motors. 

In  general,  to  keep  the  leakage  small,  the  pole  cores  should  be  short. 
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and  of  minimum  surface,  the  pole  shoes  should  not  have  too  wide  a  span  nor 
be  too  thick,  nor  present  needless  corners,  and  the  axial  length  of  the  pole 
face  and  of  the  armature  core  should  not  be  too  great  in  proportion  to  the 
diameter  of  the  working  face. 

Field  Excitation.— The  fields  of  alternators  require  a  sep- 
arate source  of  direct  current  for  their  excitation,  and  this  current 
should  be  preferably  automatically  controlled. 

In  the  case  of  alternators  that  are  not  self -eliciting,  the  dynamo  which 
generates  the  field  current  is  called  the  exciter. 

A  sdf-exdted  alternator  has,  in  addition  to  the  main  winding,  another 
winding  connected  to  a  commutator  for  fumidiing;  direct  field  esdting  cur- 


Pio.  7  JOS. — SectiDs  rt  armatare  anA  Gdd  ihowins  wakanint  tiat  of  anrntare  mctioD  io 
thft  field.  Self  indactioo  being  pment  (&■  it  umoot  ftlmrm  is),  the  current  la^  more  or 
lea  behind  the  presure,  uthst  when  the  coil  i>  ia  tha  pontion  id  nra  indoctioii,  Mihown. 
thA  current  \aa  not  yet  come  to  reet.  Accordinaly,  linn  of  force  (indicated  b^  the  dotted 
hnei)  are  act  up  by  the  cumnt  flDwing  throu^  the  ociiU  Ii4uch  br  in  opposition  to  the 
field,  thus  weakenina  the  latter.  The  dota  and  croesca  in  inductor  Bcctlons.  have  tbeir 
oaual  aiffnificaocA  in  defining  the  direction  dL  cuneot,  tepresentjns  respectively  the  heade 

PiG.T.TOS. — Section  of  snoature  and  field  ■howiaeitnn#h(*nIn#  tgiii  o 


adjacent  atraishl  polea. 


ALTERNATORS 


Pro.  7.709.— Conntsticut  ptrmammt  matna  —If-vmltma  msEoeto.  Thii  type  of  masneto 
wH*  f Dimerly  uied  eitouiv^  to  ■enente  caireDt  for  opention  of  tele|>Iiaiie  call  belli.  At 
prcKDt  the  piinciiial  uH  ^  nUMpwtot  nfOTBssenBiiieiKmtion. 


idted  alternator.    Thi 
ATtlv  fnm  aa  exdter  and  partly  ffrjni ' 

o  direct  eunmt  by  the  rectUier.    Tl 

In  optrmttoa,  the  Kpatatdy  excited  coSs  set  up  the  tnagneti! 
sf  tbe  voltase  at  no  load.  The  nwia  current  coming  fnia 
SDing  through  tbe  ihnnt*  and  the  lemainder  around  the  co: 
thb  additional  magcetiam  necaaary  Xn  supply  the  voltage 
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CHAPTER  121 

Alternator  Construction 

The  construction  of  alternators  follows  much  the  same  lines 
as  dynamos,  especially  in  the  case  of  machines  of  the  revolvii^ 
armature  type.  Usually,  however,  more  poles  are  provided  than 
on  direct  current  machines,  in  order  to  obtain  the  required  fre- 
quency without  being  driven  at  excessive  speed. 


DISC  TYPE  DRUM  TYPE 

mixtures.    Fi|.  7,712,  ring;  fie-  7,713.  due;  fig.  7.T11.  d 


Fio.  7.718.— Urge™ 
Bk.  7.7ia.— L«,Be  ■ 


SCGMENTAL  CORE  0I3CS 
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ivith  (egmental  dUci  doKMiW  la  wiiJir. 
ioa  with  ECBicEntal  discs  ii^^tiiti  " 

it  throuBn  bolts  wbicb.  tf  sot  inBtUbsl 
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Figs.  T,n7  «nil  7.718. 

Jn  a  half  coil  windjiiff  th^re  i: 
13  una  con  perphus  ^ir  peli 
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PlC».  7.719  and  7,720.— Cooctntlaled  Bnndings.  A  concen- 
trated Hindine  is  one  in  which  the  armature  has  only  out  loolH 
ttr  flMsi  ter  fiolt,  that  ia,  the  number  of  t«th  equals  the 
nambet  t^  poles.  A  concentrated  winding  of  the  half  coil  type 
has  only  oneiide  of  a  coil  in  each  slot,  as  'n  lig.  7,710.    In 

"  "'""  ™~io'fig"7,7«l,  "" 


.    Fio.  7.731.— Faitiallr  distributed  vrindiiw.    Encti  coil  unit  i* 

I...  jT_?a.«T_.._^_.  --no^ajjio  floiij  otdiffereot  dimenEionl 

ushcHmindetul  in  the  figure.  This 


here  divided 


» two  oonoentiis  CO 


Pia.  7,T22. — Pullr  distributed  wliidi 


iog  occupies  the 
unocctqued.  the  I 


■jHtcing  being  uidfonn  as  shown. 


that  is,  there  are  m 
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The  essential  parts  of  an  alternator  axe: 

1.  Field  magnets;  2, .  Armature;  3.  Collector  rings; 

and  in  actual  construction,  in  order  that  these  necessary  parts 
may  be  retained  in  proper  co-relation,  and  the  machine  operate 
properly  there  must  also  be  included: 

4.  Frame;  6.  Bed  plate;  6.  Pulley. 


ttj  DIRECT  CONNECTED 

Z 

i 


DIRECT  COUPIED 


^FiGS.  7,723  and  7,724. — ^Diagram  showing  the  distinction  between  direct  connected  and  direct 
coupled  units.  In  a  direct  connected  unit,  fig.  7,723,  the  engine  and  generator  are  per- 
manently connected  on  one  shaft,  there  being  one  bed  plate  upon  which  both  are  mounted. 
An  engine  and  generator  are  said  to  be  direct  coupled  when  each  is  independent,  aa  in  fi^. 
7,724,  being  connected  solely  by  a  jaw  or  friction  clutch  or  equivalent  at  times  when  it  la 
desir^  to  run  the  generator.  At  other  times  the  generator  may  be  disconnected  and  the 
engine  nm  to  supply  power  fox  other  purix>ses. 


NOTE. — Belt  or  Chain  Driven  Alterruitore, — ^The  mode  in  which  Tpawet  Is  tranimitted 
to  an  alternator  for  the  generation  of  current  is  governed  chiefly  by  «>nditions  met  with  whex« 
the  machine  is  to  be  installed.  In  many  small  i>ower  stations  and  isolated  plants  the  use  of 
A  belt  drive  is  unavoidable.  In  some  cases  tlie  prime  mover  is  already  installed  and  cannot 
be  conveniently  arranged  for  direct  connection,  in  others  the  advantage  to  be  gMned  by  an 
increase  in  speed  more  than  compensates  for  the  loss  involved  in  belt  transmission.  There  are 
many  places  where  belted  machmes  may  be  used  advantageously  and  economically.  Where 
there  is  sufficient  room  between  pulley  centers,  a  belt  is  a  satisfactory  medium  for  power 
transmission,  and  one  that, is  largely  used.  It  is  important  that  there  be  liberal  distance 
between  centers,  especially  in  the  case  of  generators  or  motors  belted  to  a  medium  or  slow 
«peed  engine,  because,  owing  to  the  high  speed  of  rotation  of  the  electric  machines,  there  is 
considerable  difference  in  their  inilley  diameters  and  the  drive  puUey  diameter;  henoe,  if , they 
were  dose  together,  the  arc  of  contact  of  the  belt  with  the  smaller  ptUley  would  be  approdably 
reduced,  thus  diminishing  the  tractive  power  of  the  belt. 
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Field  Magnets. — ^Alternators  are  built  with  three  kinds  of 
electro-magnets,  classed  according  to  the  maimer  in  which  they 
are  excited,  the  machines  being  known  as: 

1.  Self-excited;  2.  Separately  excited;  3.  Compositely  excited. 

The  two  principal  types  of  field  magnet  are  the  stationary, 
and  the  revolving. 

In  construction  o£  stationary  magnets,  laminated  pole  pieces  are  used, 
each  pole  being  made  up  of  a.  number  of  stee!  stampmgs  riveted  together 
aod  bolted  or  preferably  cast  into  the  frame  of  the  machine.  The  field 
cmls  are  machine  wound  and  carefully  insulated.  After  winding  they  are- 
taped  to  protect  them  from  mechanical  injury.  Each  coil  is  then  dipped 
in  an  insulating  compound  and  afterwards  baited  to  render  it  impervious  to- 


pics. 7,72S  mud  T,72S.— Sinsle  u 
tbem  on  tha  core.    Hen  tits  te 


FiC  T.72T. — Two  coil  slot  lot  whole  coil  windibB.  in  luitmtiUnt  the  windinc,  the  inner 
wedge  ii  Gnt  placed  in  position  ud  then  the  ilot  lined  with  the  insukitins  materia].  This 
usually  consists  ot  alternate  layers  of  mka  and  pressboard.  The  coils  composed  of  several 
turns  of  wire  or  copper  strip  are  wound  in  place,  and  after  coveting  with  a  layer  of  losulation, 
the  outer  wed^  is  pushed  in  place  to  retain  the  inductors  in  position. 

Flc.  7,728.— Slot  for  two  Uyer  bar  windinB.  Bar  inductors,  on  account  of  the  shape  of  thtir 
ends,  must  be  pbced  in  the  lioti  fnin  Che  top.  because  the  bent  ends  do  not  admit  of  pushins 
them  in.  StrsJshtslotiarethereforeDecessary.theinducton  being  held  in  placed  by  wooden 
■tr^  and  tie  buds  as  shown. 
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The  entire  Etzucture  or  rotor  of  a.  revobnag  field  consists  of  a.  shaft,  hub 
or  spider,  laminated  fidd  magnets  and  slip  nugs.  The  insulated  tUp  nttgt 
mounted  on  the  shaft  receive  direct  current  for  the  revolving  m^iet,  as 
distinguithed  from  collector  rings  which  collect  the  alternating  current. 


•rith  ■oldend  ic 


lei  to  Blot  for  (oldeiing.    Fig.  7,730  ihowi  two  buinductoncinuncted. 

Pigs.  7.731  and  7.783, — Method  of  avoidins  11  iold«ed  joiat  at  one  end  o 
luing  K  bar  of  twice  the  Icn^  ihown  in  fig,  T,T20.  end  bending  it  into 
in  fig.  7,731,  after  which  it  usptcBdoutfonninatwoinductan,  u  in  fig 


Pig.  7.738. — Two  phase  concentrated  whole  coil  winding.  The  tottl  number  of  iloti  it  twion 
the  number  of  poles,  or  one  tlot  per  pole  per  phase.  It  aHnpriiet  two  windiogs  apaeed  00 
polar  degreea  as  ibown.    TTib  two  arcutta  sra  indeBendeat,  the  iriu?= —  ' '• — ^ * 


Fia.  7,734. — Two  phase  winding  in  two  alota  per  poie j>er  ^um.  Tim  atamping  diati 
the  coiU  of  each  phase  into  two  sectiona  as  A  and  B.  The  ctnli  an  of  the  '%bo)B' 
and  with  aii  poles  the  total  number  of  slots  is  1  X  6  —fU,  uniformly  (paced  aa  shoinu 
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ArmatureB. — In   construction  these  are  similar  to  dynamo 
armatures. 


Altenmtor  armatures  may  be  classified  in  several  ways: 


1.  With  respect  to    2.  With  respect  to    3.  With  respect  to  the 
operation,  as  the  core,  as  core  surface,  as 


Alternator    Windings. — ^These    are    usually    described    in- 
Umts  of  the  number  of  slots  per  phase  per  poU. 
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Pot  instance,  if  the  amuture  of  a 
20  pole  three  phase  machine  have 
300  slots,  it  ha.s  15  slots  per  pole  or 
E  slots  per  each  phase  per  pole,  and 
will  be  described  as  a  five  dot  wind- 
ing. Therefore,  in  order  to  trace  the 
connections  of  a  winding,  it  is  neces- 
sary to  consider  the  number  of  slots 
per  pole  for  any  one  phase  on  one 
of  the  following  assumptions;  1 ,  that 
each  slot  holds  one  inductor;  2,  that 
there  is  one  side  of  a  coil  in  each  slot; 
and  3 .  that  one  side  of  a.  coil  is  sub- 
divided so  as  to  permit  of  its  dis- 
tribution in  two  or  more  adjacent 


The  voltage  depends  upon  the 
number  of  inductors  in  a  slot.     . 

The  breadth  coefficient  and  wave 
form  are  influenced  by  the  number 
of  slots  per  pole,  and  not  by  the 
number  of  inductors  within  the  slots. 


Alternator   windings  may  be 
classed  with  respect  to  the 

1.  Form  of  the  armature,  as 


2.  Mode  of  progression,  as 


.  Relation  between  poles  and 
coils,  as 
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Pig.  7.74*.— Th«fl 


fc/TSBBOiT 


nvolvliig  BTmsturas  to  four  dip  lingt.    ISiIb 


Pig.  7.746.— Two  pi 


™m^ILt  of  r^ 


.  tha  end  of  on*  to  the 

(  vhjcb  an  coDneetid  to  tha 
Lturu.  to  four  a][p  rinss. 
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- „  one  end  of  BKh  0*  th« 

M,  nctiAlly  mnilBted.  and  tha  three  other  codi 
~  ■ 'Iving  aimatum  to  three  dip 


»  phaie  tajt  winding 


ir  eanntalan.    The  bar  with 


trow. .  Then  the  ci 


imt  be  Sowing  into  1 
lust  be  connected  to 


je  eomini  from  the  conlman  termioal,  the 

50  connected  to  one  of  the  ringa,  while  Iho  other  end 
The  current  in  the  too  adjacent  Inductors  evidenttr 
lal.  hence  the  ende  toward  i 
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4.  Number  of  slots,  as 


Fig.  T.,T5S — Diagram  atowins 

cuinnt  and  the  line' voltage.    Thsdelta 

to  machines  oi  large  current  output. 


.wing  !n  delta 

iBi  u»  *  3,  multiplied  bythe  product  of  tha  line 
nection  gives  a  lawer  line  voltage  than  the  atar 
jse,  and  cuts  down  the  current  in  the  iaductois: 
reduced  m  sue ,  the  delta  connection  is  adapted 


IG.  7.75B.— Diagium  of  Y  con 

nectioo  -with  a  common  return  wire.    When  the  three  linea 

leading  fmm  a.6  and  I.  are  e< 

ua!  in  resistance  and  reactance,  or  in  ether  words  when  the 

3  of  the  three  phases  aro  equal  and  ore  120°  apart  in  phase 

(each  current  Itwging  behind 

Its  pressure  by  the  same  amount  Ba  the  others)  and  their 

^  is  at  each  instant  equal  U 

lero.    In  this  case  the  naullant  current  being  equal  to  rero 

unbalanced.    Under  such  circi 

unstances  the  common  return  wire  is  sometime  used .  being 

made  large  enough  to  take  can 

The  returo  wire  IB  naed  lometiii 

— 
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5.  Form  of  the  inductors,  as      7.  Kind  of  current  delivered,  i 


a.  Wire  windmg; 

b.  Strap  wiading; 

c.  Bar  winding. 


c.  Three  phase  winding. 


6.  Coils  per  phase  per  pole,  as     8.  Shape  of  coil  ends,  as 


Fio.  7760. — Creeping  winding  oi 


7.7M,— Viei 


Fic,  7,783.— DiagraT 


■how! 


imilar  with  Ions  and  short  sides.    It  ob^ 
luent  shapes.    Thediagn 

Pic.  7, 76S.— Diagram  showi 
turn  lies  entirely  within  I 
The  nuicHHve  tums  oi  b 


in  order  tlut  all  ti 


lus  not  of  the  sanu 


coiti  may  be  of  one  shaiM. 

k1  of  winding,  the  coils  are  all 
L  of  making  coils  o£  several  c^- 
'.  per  pole  per  phase. 

in  not  over-lappinf 
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In  addition  to  these  there  are  a  number  of  miscellaneous 
Tsdndings  such  as 

a.  Chain  or  basket  winding;  /.   Spiral  winding; 

6.  Skew  coil  winding;  i:.  Shuttle  winding; 

c.  Fed-in  winding;  A.  Creeping  winding; 

d.  Imbricated  winding;  i.   Turbine  alternator  winding. 

e.  Mummified  winding; 

All  these  various  windings  are  shown  in  the  aocompanying  cuts. 


Arrangement  of  Phases. — In  polyphase  alternators  the  sep* 
arate  windings  of  the  various  f  hoses  may  be  grouped  in  two  ways^ 
as  1,  star  or  Y  connection ^  or  2,  mesh  or  delta  connection. 


The  star  connection  is  sometimes  called  a  Y  connection  on  account  of  its 
resemblance  to  that  letter;  the  mesh  connection  is  sometimes  called  a  delta 
connection  owing  to  its  resemblance  to  the  Greek  letter  A.  In  star  grouping 
the  point  where  the  phases  join  is  called  the  star  point.  In  a  three  pnase 
star  connected  alternator  the  voltage  between  any  two  collector  rings  is  equal 

to  the  voltage  generated  per  phase  multiplied  by  V5  or  1,7S2,  The  total 
output  is  equal  to  the  sum  of  the  output  of  each  of  the  three  phases.  When 
worldng  on  a  non-inductive  load,  the  total  output  of  a  star  connected 

alternator  is  equal  to  V3  multiplied  oy  the  product  of  the  line  ciurent  and 
line  voltage. 

In  a  three  phase  delta  connected  alternator,  the  line  current  is  equal  to 
the  current  in  each  phase  multiplied  by  VS;  the  total  output  with  non- 
inductive  load  is  equal  to  VS  multiplied  by  the  product  of  the  line  current 
and  Une  voltage.  Star  connection  gives  a  higher  hne  voltage  than  the  delta 
connection  for  the  same  pressure  generated  per  phase,  hence  it  is  smted  for 
machines  of  high  voltage  and  moderate  current. 

Delta  connection  gives  a  lower  line  voltage  than  the  star  connection  for 
the  pressure  generated  per  phase,  and  cuts  down  the  current  in  the  induc- 
tors; since  the  inductors,  on  this  account,  may  be  reduced  in  size,  the  delta 
connection  is  adapted  to  machines  of  large  current  output. 
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CHAPTER  122 

A.  C.  Motors 

The  fact  that  many  central  stations  fiirnish  only  alternating: 
current  has  caused  manufacturers  to  perfect  many  types  oi  ax, 
motors  to  meet  the  needs  of  all  classes  of  industrial  devices. 
The  multiplicity  of  types  thus  produced  may  be  classed  as: 

1.  SYNCHRONOUS  MOTORS 

2.  ASYNCHRONOUS  MOTORS 

a.  Induction  motors 

^series; 

6.  Commutator  motors^  ^JJ*^;?"^*''' 

(.repulsion. 


1*  Synchronous  Motors 

The  term  * 'synchronous"  means  in  unison ,  that  is,  in  step, 
A  so-called  synchronous  motor,  then,  as  generally  defined,  is 
one  which  rotates  in  unison  or  in  step  with  the  phase  of  the  alternating 
current  which  operates  it. 

Strictly  speaking,  however ,  it  should  be  noted  that  this  condition  of  operation 
is  only  approximately  realized  as  will  be  later  shown. 

In  construction,  synchronous  motors  are  almost  identical 
with  the  corresponding  alternator  and  consists  essentially  of, 
1,  an  armature y  and  2,  a  fields  either  of  which  may  revolve. 

The  field  is  separately  excited  with  direct  current.  In  opera- 
tion, when  the  field  is  thus  excited  and  alternating  current  is 
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LTERNXTOR  SVKCHK0NOU&    MOTOR 

7,788  to  7,788.— -Synchronoui  motor  prindpla;  /.  A  ilngU  plan  lyyuhnmcia  molor 
not  til/-ilanntt.  The  figima  A<nr  in  clemeatiUT  alUmator  vid  an  clemcntiiry  irn- 
-DoouB  motor,  ttw  conitniction  of  each  beinE  idRiticnI  bb  Ihown.  If  ths  aHemator  be 
rted,  duiing  tlie  first  half  of  ■  nvolution,  banning  at  Ota  tnittal  positioii  ABCD,  fig. 
88.  cvirert  w31  Dow^in  the  ditBCUoa  ind^ted^Dvtha  arrows,  pasaing  thKni{;h  tb«  atntial 


rt*l  bynnlike  pole»  o(  tha  field : 


Fction,  as  in  fig.  7.769.    TJuie  mtrsais  c^  current  occur  tri/A  sitch  jrttutttcy  that  thtforct 

titQumHyitTrmainsalreil.ortobi^t^^ct.  tt  D/5rdr«.   Hence,  a Ginglfl phase flvrKhrDiious 
-  -       --■--•-  '■ Ktemal  force  and  brought  up  to  a  speed  Wiat  gives  the  aaino 


not  JelF-itar^ng,  which  is  one  of  its  diudvantages;  the  resKin  it  will  operate  after  bejog 
leded  up  to  synchronism  with  the  alternator  and  then  connected  in  tha  tinniit  «  explained 
figs- 7.770  to  7,773. 
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applied  to  the  armature  of  a  single  phase  motor,  it  will  produce 
alternately  N,  and  S,  poles,  the  reaction  between  these  induced 
poles  and  the  field  poles  tending  to  rotate  the  annature  first  in 
one  direction,  then  in  the  other. 


SYNCHRONOUS  MOTOR 


Figs,  T,770  to  7,773.— StfneArtinoM  motor  , 

tynciaontnis  molor  ofralion  is  Ihat  tht  motor  ...  .     _, 

liia  is,  in  stit  aith  tht  nUcnuior.  In  figi.  7.770  and  7,771,  assuming  .ynchromim,  the 
rem  ioilioBte  tlio  direction  o£  the  eunent  for  the  aimaturo  potition  ihown.  The  cnmni 
Bowing  thiough  the  motor  annature  induc«  iiiB{>netic  poln  nhich  are  ■ttractcd  br  the 
fitld  poles,  thus  producing  a  torque  in  the  direction  in  which  the  armature  is  rotating.  After 
the  alternator  coil  passes  the  vertical  position,  the  current  reverses  as  in  fig.  7.772,  mad  tha 
eunent  flowi  through  the  motor  aimaturo  in  the  oppoute  direttion,  thui  reverring  the 
induced  polea  M  in  fig.  T.7T3.  Tkistriitis  lllig  pola  near  eafkoiktr,  andiixetUu  molor  coil 
has  rotaltd  beyond  Ika  vertical  posiiioH  tha  reptltlna  action  oS  Iti*  Ilka  poln,  and  alio  tll» 
sttraetbtn  at  unllk*  pol—,  trodxca  a  (orgat  atlint  in  tht  diriaion  in  uhich  iMe  motor  ii 
T<iWintj  Hence,  when  the  two  armatures  move  aynchmnously,  the  torque  prodoced  hy 
tile  action  of  the  induced  po1e9  upon  the  field  paid  is  always  in  the  directun  Is  winch  the 
motor  is  running,  and  accordingly,  tends  to  keep  it  in  operation. 


A^.  MOTORS 


because  of  the  very  rapid  reversals  in  directum  of  the  torque  thttt  set  up, 
re  is  not  tufficient  lime  to  ovcicame  the  Inertia  of  the  aniuiture 
ore  Ike  current  teverses  otuj  produces  a  torque  in  the  opposite  direction, 
ice,  the  OTmatttre  remaim  stationary  or,  strictly  speaking.  It  Tlbratei. 
Mow  if  the  motor  armature  be  first  broi^ht  up  to  a  speed  correspond- 
;  in  frequency  to  that  of  the  alternator  before  connectingf  the  motor 
the  circuit,  the  armature  will  coatinue  revolvir^  at  the  same  frequency 
the  alternator. 


7.774  and  7,77S. — Syjuhronaiu  motor  prlndplm  III.  T)\t  currmt  vliic)i  f,cmt 
mik  lb  armsMri  of  a  lynclmmixa  meliir  it  thai  dm  to  thtttT^ctltv prtsiitrt.  Sines  ths 
lor  lotstn  in  t,  mB^ietie  Brld,  •  preiiare  ii  induced  io  iti  Brm»tu«  io  b  directioa  oppgriie 
that  induced  in  the  armature  ot  the  ulteniiitoT,  and  called  the  rnvK  trrisurt,  u  dii- 
fuished  from  the  pressure  e^^erated  by  the  altemator  called  the  impressed  firess^rr- 
myivslanl.  fti  prissurt  imiilMi  Io  caujt  CHrrml  lofioiatliraughlkt  loo  armalnrfs.  called 
ejrmfne  pntture,  it  ttital  Io  llu  digerence  betnnm  tketrissart  ttntrated  iy  llii  aUrrmiloT 
tmprttMoa  prmtmur9  and  the  T9V9r99  pr9mtr9  iitdiuea  i*  tin  motor.  Now  if  the  motor 
pcrfeclly  free  to  turn,  that  is,  without  load  or  friction,  the  revene  prauure  will  equal 
:  iniprej5ed  ptenure  end  no  current  will  flow.  This  ii  the  caie  of  real  aynchronoui  openi- 
ri.triatB,  not  only  II  the  frequency  of  inf>tor  and  alternator  the  Borne,  but  the  coiii  rotate 
hout  phaie  diflerence.  In  fig*.  7,774  and  7,775,  the  impreaied  and  reverae  prtemrei 
'  Fepresented  by  the  dotted  arrowi  Pt  and  Pr.  respectively.  Since  in  this  case  these  a^ 
[infl  pressures  are  equal,  the  resultant  or  effective  pressure  is  rero:  henco  there  is  na  eui^ 
it.  in  acliud  machines  this  candilion  is  impossible,  be<:ause  even  if  the  motors  have  no 
fmal  load,  there  is  elwiys  more  or  le»  fiictioo  present;  hence,  in  operation  there  must 

luithig  the  efteclive  pressure  to  suit  the  load  is  expla^ied  in  fiffs.  7.77B  and  7.777. 

The  armature  continues  r 


,    'dflu:, 

rodudng  a  torque  which  always  pulls  the  armature  around  in  the  s 
irection. 


J 
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A  polyphase  synchnmous  motor  is  self  starting,  because,  before  the 
cunent  has  died  out  in  the  coils  of  on«  phase,  it  is  increasing  in  those  of 
the  other  phase  or  phases,  so  that  there  is  always  some  turning  eSort 
exerted  on  the  armature. 

The  speed  of  a  synchronous  motor. is  that  at  which  it  would  have  to 


ici  Afluvcn  carrnti  aitd  pranri.     If 

will  run  in  true  Bynchnnisiix  with  the  alternator,  that  is,  at  any  instant,  the  coila  ABCd! 
and  A'B-C'D",  will  be  in  parallel  pUn«.  When  this  condition  obtains,  no  qumnt  wM 
flow  and  no  tomua  will  be  nquired  (as  explained  in  figs.  7,774  and  7.775).  If  a  load  ba  put 
on  the  motor,  the  effect  will  bo  to  cause  A^'CD",  to  lag  behind  tho  allemalor  coil  to  aome 
poution  A"B"C"D".  and  current  to  flow.  The  reverse  presiure  will  lag  behind  the  impreued 
pnsiure  equally  with  the  coil,  and  the  cunent  which  ha*  now  atartcd  will  ordinarily  take 
an  mtentwaiata  phase  so  that  It  is  behind  iheimpresudprtaiurt  but  in  adaatc^  of  tfurtrtrst 
frasKn.  These  phase  lelations  may  be  represented  in  the  figure  tnr  the  amutura  positions 
*hown,  vt.!  1.  ttio  (ynchiondua  rmsition  A°B  °C°D°.  nnpmnting  tlw  impresstd jhbmuw;  2, 
the  intennediata  position  A'B'C'D',  the  current;  8.  the  actual  position  A"B"C"D",  (cor- 
Tcipondina  to  mechanical  lag) ,  the  reverse  pressure.  From  the  figure  it  wiQ  be  seea  that  the 
cuTent  pbasa  represented  by  A'B'CD',  is  in  advance  of  the  revena  pressure  phase  lapre- 
■anted  6y  A"B''C"D".  Hence,  by  vmotura  reaction,  Iht  curreM  itading  tht  raau 
frasvrtweaktnstiu  motor  fidd  and  rediuts  the  reptrit  presivre,  thus  establishing  equilibrium 
between  current  »nd  load.  As  the  load  is  increased,  the  mechanicat  lag  of  tbe  altemalor  coil 
becomes  greater  and  likewise  the  current  lead  with  respect  to  the  reverse  pressure,  which 
IntcnufieB  the  armature  reaction  and  allows  more  current  to  flow.    In  thia  way  equittbrtum 

results  in  marked  automatic  adjustment  between  the  znachinci  especial^  when  a  single 
motor  is  operated  from  an  alternator  of  about  the  same  size.  In  other  words,  the  curreAt 
which  weakens  or  strengthens  the  motor  field,  strengthens  or  weakens  respectively  the 
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run,  if  driven  as  an  alternator,  to  deliver  the  number  of  cydes  which  is 
given  by  the  supply  alternator. 

Any  synchronous  motor  if  supplied  with  motive  power  caa  be  converted 
without  any  change  to  an  alternator  or  any  alternator  can  be  run  as  a 
synchronous  motor  if  supphed  with  an  alternating  current  of  the  same 
voltage  and  phase  values. 

Synchronous  motors  are  used  prindtially  for  power  factor  corrections, 
such  as  in  a  plant,  where  a  large  inductive  load  is  used  such  as  arc  lamps, 
transformers,  and  motors,  whidi  reduces  the  power  factors  so  much,  that 
it  causes  trouble  at  the  power  house. 

NO  TORQUE  NO  TORQUE 


SYNCHRONOUS   MOTOR 

.     ,  ._  ..  ..   .  tr  iH-lnclplet!  YI.    A  singlt  thaii  aytulmmmt 

of  tha  motor  are  bm  thowa  liliutistiiig  tbs  eS«t  of  the  current  in  both  diroctinm.  When 
tba  plane  of  tha  coil  is  pcrpmdicutar  to  tha  field,  tha  polcA  iiuluced  in  the  armature  are 
parallel  to  field  for  either  direction  of  tha  currenti  that  a,  tha  field  lines  of  fores  and  the 
induced  lines  of  force  acting  in  parallel  or  opposite  directions,  do  turniiu  effect  ii  produced, 
just  u  in  analogy  when  an  engine  is  on  the  dead  center,  the  piston  rod  (fleld  line  of  force) 
and  connecing  rod  (induced  line  of  force)  being  in  a  itraight  line,  tha  force  exerted  by  the 
steam  oa  the  piston  produces  no  torque. 

«  a  leading  power  factor  which  thereby  helps 

There  are  two  types  of  synchronotis  motors,  classed  with 
respect  to  the  method  of  starting: 

1.  Auxiliary  motor  type; 

2,  Self -starting  type. 
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W.TERN*TOB  SYNCHROHOUS   MOTOR 


ALTERNhlOR  SYNCHRONOUS    MOTOR 

Pigs.  7,780  to  7,7*3.— Synchnmoiu  motor  principlei.  FI/.  An  asmlial  toiulitlim  far  Jjw- 
ehnmoui  motor  ofratiof  is  Ikul  1A(  vucManical  Inf  bt  Ins  llutrt  90°.  Figi.  7.7S0  to  7,783 
lepiesenl  the  conditiona  which  prevail  when  thi  lag  of  tha  motor  irmiture  A'B'CD'  is 
»nvthioBle«th»aOO°,  A«  ihown,  the  lag  ia  almost  60°.  The  direction  o£  the  euirml  aud 
induced  poles  are  indicated  by  the  arrovs.  Thi  indiitalion  of  the  motor  coil  is  tuik  UsI 
thm  tmpulalanof  Uka potat  products  atrn^t  in  tht  direction  of  rotattont  thus  tendiuff 
toksepmolorinopeiation.  Now.  inligs.  7.733  to  7.7S5.  for  the  ume  posilion  a£  the  sllet- 
lator  HHl  ABCD,  iflhelaibiftalerlhau  00°,  tht  incliruuiim  of  the  motor  ccU  A'B'CD'  is 
nuh that  mttlrit imtttiil  tha  rtpultlonot  Uke polri  firoduas  a  Iotqiu  i»  a  dtralioti  oppotlta 
to  that  t^thm  rotutkm,thus  tanding  to  mtop  tht  motor.  In  actual  operation  thii  quickly 
brings  the  motor  to  rcat,  having  the  same  effect  as  a  strong  brake  in  overcoming  iiun  moment 
ttun  of  a  nvolving  wheel. 
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The  usual  type  of  synchro- 
nous motor  is  started  by  means 
of  an  auxiliary  induction  motor, 
whose  shaft  IS  connected  to  the 
eynchronoua  motor  shaft  by 
means  of  a  silent  chain.  The 
teeth  on  gears  of  Btarting  motor 
shaft  and  of  synchronous  motor 
shaft  are  so  selected  that  when 
the  auxiliary  motor  haa  at- 
tained full  speed  the  synchro- 
noua  motor  runs  shghtly  above 
synchronous  speed,  Thestart- 
ii^  motor  switch  is  then  opened 
and  the  synchronous  motor  is 
allowed  to  coast  down  to 
EVDchroDous speed,  wbichisin- 
<£cated  by  lamps  or  Gynchro- 

The  synchronous  motor  line 
switch  is  then  closed  at  the  pro- 
per instant.  The  size  of  the 
auxiliary  starting  induction 
motor  dependsupon  the  friction 

Fio.  7,787.— Rotor  field  o(  Genetal 
ElEclric   360    bone    poner    —It- 
'  a  type  tynehroi 


■howmg  the  aii__  ^— — — . 
lacei.     Thesynchtor    - 


dioK    beCBuia  when  opentinc  ii 


°^"in   tE" 
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o     o 
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/nier/ocAecf  A  cannot  bff 
c/osedtfeit^^r  BorC/s 
c/osed    0andCare 
operated Jby  same/eireK 


Compensator 


0//Smtdr 


Synchronous 
Motor 

Fig.  7,788. — Staitinar  connections  for  self-starting  synchronous  motor.  In  •ttarting:  1,  Open 
field  switch  completely  if  the  excitation  voltage  be  125  volts;  If  the  excitation  voltage  of 
the  motor  be^higher  than  125  volts^  the  field  switch  should. not  be  opened  completely  but 
left  in  the  clips  connected  to  the  discharge  resistance.  This  prevents  any  high  induced 
voltage  across  the  collector  rings.  Exception:  If  the  motor  be  part  of  a  motor  generator 
set  (other  than  a  frequency  converter  set)  the  field  switch  should  be  left  in  the  clips  con- 
nected to  the  discharge  resistance  irrespective  of  the  degree  of  field  excitation.  Note  that  fre- 
quency degree  converter  sets  should  oe  started  in  accordance  with  the  general  rule  given 
above;  2.  Throw  compensator  lever  to  "start"  position.  (If  oil  switches  oe  used,  close  the 
switch  marked  "start.")  3.^  After  the  motor  has  reached  constant  speed  close  the  field 
switch;  the  field  rheostat  having  been  previously  adjusted  to  give  a  field  current  correspond- 
ing approximately  to  no  load,  normal  voltage,  with  machine  running  as  a  generator.  4. 
Throw  compensator  lever  quickly  to  the  "run"  position.  (If  oil  switches  be  used,  open  the 
switch  marked  "start,"  and  after  this,,  as  guicldy  as  possible,  close  the  switch  marked  run.") 
Cautions:  1.  Do  not  touch  collector  rings  or  brushes  when  the  motor  is  being  started. 
An  induced  pressure  of  about  2,000  volts  exists  across  the  rings  at  the  moment  of  starting. 
This  voltage  decreases  as  the  motor  speeds  up,  reaching  zero  at  full  fpeed.  2.  The  motor 
shotdd  be  started  on  the  lowest  tap  of  the  compensator  that  will  start  it  promptly  and  bring 
it  to  full  speed  in  about  one  minute.  If  two  or  three  minutes  are  consumed  in  coming  to 
full  speed,  there  is  danger  of  burning  the  squirrel  cage  winding.  Special  cases.  There  are 
a  few  instances  where  requirements  of  torque  and  line  current,  or  perhai>s  a  demand  for  a 
high  excitation  voltage  (which  involves  a  high  induced  voltage  at  starting)  make  it  neces- 
sary to  modify  the  procediure  in  starting.  CloMing  running  switch  before  ejfnchronixint* 
There  are  rare  cases  where  severe  reqtiirements  of  "puU-m"  torque  make  it  necessary  to 
dose  the  running  switch,  throwing  on  fuU  line  pressure  before  the  field  switch  is  clc»ed. 
That  is  operation  3  above  shotild  follow  4.  Closing  Held  current  through  resistarwee* 
There  are  two  occasions  for  closing  the  field  circuit  through  a  resistance  as  x>art  of  the  start- 
ing procedure.  In  one  case  the  object  is  to  increase  the  torque  near  full  speed;  in  the  other, 
to  prevoit  high  induced  pressure  across  the  collector  rings  at  starting.  With  the  im>per 
value  of  resistance  across  the  collector  rings  the  torque  near  full  speed  is  mcreased.    A  diange 
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frictional  load  of  the  synchronous  nx>tor  and  the  synchronous  motor  load. 
In  some  instances  this  may  require  an  excessively  large  auxiliary  motor, 
which  makes  its  cost  prohibitive. 

This  type  of  synchronous  motor  may  be  used  successfully  where  reliable 
attendance  is  at  hand,  qtiickness  of  start  is  not  important,  and  sufficient 
floor  space  is  available. 

The  setf-Gtarting  type  is  provided  with  a  squirrel  cage  winding 
on  the  rotor  which  serves  as  an  induction  motor  secondary  wind- 
ing during  starting. 

The  motor  is  started  by  means  of  applying  a  reduced  voltage  directly 
to  the  armature  winding  by  means  of  an  auto  transformer  with  taps  brought 
out  for  different  starting  voltages. 

The  voltage  is  applied  to  the  motor  by  means  of  an  auto  starter  switch 
which  acts  as  a  combined  starting  and  line  switch. 

On  account  of  the  fact  that  during  the  starting  a  dangerous  voltage  would 
be  induced  in  the  field  winding  if  the  field  circuit  were  left  open,  it  is  neces- 
sary to  short  circuit  the  fidd.  In  cases  where  individual  exciters  are  used, 
the  motor  field  is  left  connected  across  the  exciter  armature  whilastarting. 

When  the  motor  is  excited  from  an  exciting  bus,  a  double  throw  fi^d 
switch  is  provided  for  short  circuiting  the  fiela  while  starting.  The  field 
rheostat  is  included  in  the  circuit  with  the  field  winding,  during  starting, 
and  to  limit  the  current  which  would  otherwise  decease  the  starting  torque. 

A  synchronous  motor  is  desirable  for  large  powers  where  starting  imder 


Fig.  7,788.— C<m/»»M^ 

fxom  this  resistance  in  either  direction  will  decrease  toe  torque.  At  starting,  however,  any 
value  of  resistance  will  decrease  the  ton;^ue  wh)ch  the  motor  would  develop  with  collector 
rings  open.  Hence ,  when  a  motor  at  the  tune  it  is  purchased  isiequired  to  pull  into  synchnm- 
ism  a  large  j^rcentage  of  normal  load,  or  when  conditions  arise  in  service  where  the  "pull-in" 
torque  requirements  prove  to  be  greater  than  were  anticipated,  the  above  scheme  is  some* 
times  resorted  to.  An  accurate  and  convenient  way  of  determining  the  proper  resistance 
as  to  bring  the  motor  to  constant  speed  at  full  line  voltage  with  the  load  it  has  to  pull  into 

Snchronism;  then  by  means  of  a  ymtex  box  connected  across  the  collector  rings,  determine 
e  resistance  which  will  increase  the  speed  to  the  highest  value.  This  will  be  the  proper 
resistance.  The  field  dischar|;e  resistance  in  such  case  is  increased  to  the  proper  value  and 
capacity  for  this,  added  service.  Here,  the  switching  procedure  is  only  slightly  modified, 
when  the  motor  is  running  on  the  last  tap,  or  on  the  line,  as  the  case  may  be, — that  is,  when 
in  the  standard  case,  the  next  operation  would  be  to  close  the  field  switch — close  the  field 
switch  on  the  first  point  thereby  throwing  the  resistance  across  the  field.  A  moment  later 
say  5  or  10  seconds,  close  the  field  switch  entirely.  On  a  given  machine^  the  higher  the 
excitation  voltage  for  which  the  field  winding  is  designed,  the  higher  the  induced  voltage 
across  the  collector  rings  at  starting.  Motors  which  are  designed  for  normal  excitation 
ventages  higher  than  125  volts,  or  those  which  form  part  of  motor  generator  sets  other  than 
frequency  converter  sets,  should  have  the  field  winding  short  circuited  through  the  dis- 
charge resistance  at  starting.  This  will  prevent  the  high  mduced  voltage  across  the  collo:tor 
rings.  It  is  standard  practice  to  make  all  discharge  resistances  for  synchronous  motors 
of  ample  capacity  for  this  service. 
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load  is  not  necessary.  Its  power  factor  may  be  controlled  by  varving  the 
field  strength.  The  power  factor  can  be  made  unity  and  further,  the 
current  can  be  made  to  lead  the  pressure. 

A  synchronous  motor  is  frequently  connected  in  a  drcoit  solely  to 
improve  the  power  factor.  In  such  cases  it  is  often  called  a  "ooDdflnser 
motor''  for  the  reason  that  its  action  is  similar  to  that  of  a  condenser. 


The  stationary  armature  type  is  adapted  to  high  voltages 
because  of  the  absence  of  slip  rings  in  the  armature  circuit. 

The  disadvantages  of  a  s^oichronous  motor  are  that  it  requires  an  atbdliary 
power  for  starting,  and  will  stop  if,  for  any  reason,  the  synchronism  be 
destroyed;  collector  rings  and  brushes  are  required.    For  some  purposes 


INDUCTIVE 
CIRCUIT 

HMMM. 


Fig.  7,789.-— Diagram  illustrating  the  use  of  a  synchfonoua  motor  as  a  coadeaier.    22  a  tyn- 

chronotis motor  be  sufficiently  excited  the  current  will  lead.  Hence .  if  it  be  connected  across 
an  inductive  circuit  as  in  the  figure  and  the  field  be  over  excited  it  wiU  compensate  for  tiie 
lagging  current  in  the  main,  thus  increasing  the  power  factor.  If  the  motor  be  sufficiently 
over  excited  the  power  factor  may  be  made  unity,  the  minimum  current  being  thus  od- 
tained  that  will  suffice  to  transmit  the  power  in  the  main  circuit.  A  synchronous  motor 
Used  in  this  wa/  is  called  a  rotary  condenser  or  s^^nchronous  compensator.  This  is  especudly 
usefxd  on  long  hnes  containing  transformers  and  wdtiction  motors. 

^nchronous  motors  are  not  desirable,  as  for  driving  shafts  in  small  work- 
shops having  tlo  other  power  available  tor  starting,  and  in  cases  where 
frequent  starting ,  or  a  strong  torque  at  starting  is  necessary .  A  s^chronous 
motor  has  a  tendency  to  hunt  and  requires  intelligent  attention;  also  an 
exciting  current  which  must  be  supplied  from  an  external  source. 

Hunting  of  Synchronous  Motors. — Since  a  synchronous 
motor  runs  practically  in  step  with  the  alternator  supplying  it 
with  current  when  they,  both  have  the  same  ntunber  of  poles » 
or  some  multiple  of  the  ratio  of  the  number  of  poles  on  each 
machine,  it  will  take  an  increasing  current  from  the  line  as  its 
speed  drops  behind  the  alternator,  but  will  supply  current  to  the 
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line  as  a  generator  if  for  any  reason  the  speed  of  the  alternator 
should  drop  behind  that  of  the  motor,  or  the  current  wave  lag 
behind,  which  produces  the  same  effect,  and  due  to  additional 
self-induction  or  inductance  produced  by  starting  up  or  over- 
loading some  other  motor  or  rotary  converter  in  the  circuit. 

When  the  motor  is  first  taking  current,  then  giving  current 
back  to  the  line,  and  this  action  is  continued  periodically,  the 
motor  is  said  to  be  hunting, 

DRIVEN 
(SYNCHRONOUS  MOTORj 


^    DRIVER     ^ 
(ALTERNATOR) 

Fig.  7,790. — Mechanical  analogy  illustrating;  "huntins."  The  figui«  represents  two  flywheels 
connected  by  a  spring  susceptible  to  tortion  in  either  direction  of  rotation.  If  the  whrals 
A,  and  B ,  be  rotating  at  the  same  speed  and  a  br^e  be  applied,  say  to  B ,  its  speed  will  dimin- 
ish and  the  spring  will  coil  up,  and  if  fairly  flexible,  more  than  the  necessary  amount  to 
balance  the  load  imposed  by  the  brake;  because  when  the  position  of  proper  torque  is  reached, 

-  B,  is  still  rotating  sightly  slower  than  A,  and  an  additional  torque  is  required  to  overcome 
the  inertia  of  B ,  andbring  its  speed  up  to  synchronism  with  A.  Now  before  the  spring  st9ps 
coiling  up  the  wheels  must  be  rotating  at  the  same  speed.  When  this  occurs  the  spring 
has  reached  a  position  of  too  great  torque,  and  therefore  exerting  more  turning  force  on 
B»  than  is  necessary  to  drive  it  against  the  brake.  Accordingly  B,  is  accelerated  and  the 
spnag  tmcoils.  The  velocit^r  of  B,  thus  osciUates  above  and  below  that  of  A,  when  a  load  is 
put  on  and  taken  off.  Owing  to  friction,  the  oscillations  gradually  die  out  and  the  second 
wheel  takes  up  a  steady  speed.  A,  similar  action  takes  place  in  a  synchronous  motor  when 
the  load  is  varied. 

The  term  surging  is  used  to  describe  the  current  fluctuations  produced 
by  hunting.  The  accompanying  series  of  illustrations  of  synchronous 
motor  principles,  show  in  a  very  simple  way  how  ^  synchronous  motor 
works. 
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2,  Asynchronous  Motors 

a.  Induction  Motors 

An  induction  motor  consists  essentially  of  an  armature  and  a 
field  magnet,  there  being,  in  the  simplest  and  most  usual  types,  no 
electrical  connection  between  these  two  parts* 

There  are  two  general  types  of  indiiction  motor: 

1.  Single  phase; 

2.  Polyphase. 

The  operation  of  an  in- 
duction motor  depends  on 
the  production  of  a  mag- 
netic field  by  passing  an 
alternating  current 
through  field  magnets. 


FiC.  7,791. — Section*]  view  showing  parts  of  Rdiince  polyphsse  induction  motor.  A  tpMial 
[utuTB  o(  the  •quincl  cngs  umature  conslmciion  u  tho  multiplicitjr  of  ifaort  ciicuiting 
rinn.  The  holes  in  the  nngi  are  bored  filishtly  tmAller  than  the  diameter  of  th«  copper 
nidi,  and  the  force  fit  gives  good  contact.  Toe  rings  bsving  bcea  fon:ed  in  place  are  dip 
•olderedinanBUoyof  tincf  %bmeltiii;point.  The  motor  ^its  are:  t, end  yoke;  2,>haf^ 
8,  armature  short  circuiting  nngsi  4,  oil  ring;  5.  fielf-aligning  bearing  bu&hingt  6.  apider-. 
7.  armature  bars;  8.  field  coils:  g,  field  Umination  end  plate;  ID,  fietdlaminalions;  11.  ty* 
bolt;  12.  itator  locking  key;  13,  armature  laminalioni:  14.  annBture  laminaliort  end  plate; 
IS.  armature  locking  key;  IQ   dust  cap;  17    oil  well  cover;  IS   oil  throws;  IB,  Qeld  frain« 


^      ■NOTE.— The  auUur  prdwa  the  tetmi  anutiue  and  Beld  magnet,  initnd  of  "pr 

in  which  currents  are  induod  and  the  field  maanet  (or  magnttt)  that  part  fiuoiihiac ' 
in  which  the  induction  takes  place. 
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The  character  of  this  JUld  is  either  09cillating  or  rotating, 

iccording,  as  single  or  polyphase  current  is  respectively  used. 

Since  a  single  phase  motor  must  start  with  a  rotating  field  and  come  up  to 
speed  before  the  oscillating  field  can  be  employed ,  a  ^lowledge  then  tttbe 
[n-oduction  of  a  rotating  field  is  necessary  to  understand  the  action  of  the 
single  phase  motor  at  starting,  hence  the  polyphase  motor  will  be  explained 

first. 


Polyphase  Induction  Motor. — Thfe  construction  of  an 
induction  motor  is  very  simple.  It  consists  of  only  two  parts, 
an  armature  and  field  magnets. 

There  is  no  electrical  - 
connectionbetweea  these 
parts,  hence 
such  motors 
are  adapted 
for    iise    in 
places  where 
special   pre- 
cautions 
against    fire 
are      neces- 
,  sary.       The 
operation  of 
a  polyphase 
induction  motor  depends 
on: 

1 .  The  production  of  a 
rotating  field; 


K  jwflKlio) 


Fio.  7.T92. — Eksustuy  ioduc 

iUusoaOnt  I**  fittipu  of  o*. 

t«Et.    in  opmratlon,  tha  ipeed  of  tl 

sod  ioduco  potei  tt  , ,   ,__, „ _._  _ 

■peed  of  the  magnet  »nil  cylinder  is  called  the  ilt^.  Bvidenthr  til 
enatei  ii  the  ilip  requiied  la  induce  pole*  of  nilficient  (tnoeui  tc 
The  figuic  i*  dnim  loDieRliBt  diitoited,  lO  that  both  eddio  si 


ion,  the  ipeed  of  the  coppcrr  cylinder  kROAture depends  upon  thelofid;  A 
atattt  than  th*  mBgnet.  m  oiilei  that  iti  elemente  miy  cut  munetie  lioea 
to  produce  the  neceuary  torque  to  balance  the  load.    The  dmeience  in 


<t  the  load,  tha 
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2.  Induction  of  current  in  the  armature; 

3.  Reaction  between  the  revolving  field  and  the  induced  currents. 


In  practice  the  rotaUng  field  is  produced  without  any  movement  of  the 
mechanical  parts  of  the  electro-magnets ,  but  for  simplicity  in  explaining  the 
principle  of  operation,  the  rotating  magnetic  field  may  be  supposed  to  be 
produced  by  a  pair  of  magnetic  poles  placed  at  opposite  sides  of  the  arma- 
ture and  revolved  around  it  as  m  fig.  7,792,  which  shows  an  elementary 
induction  motor. 
The  armatm%  here  consiets  of  a  copper  cylinder. 

Now,  for  instance  in  start- 
ing, the  cylinder  being  at  rest 
any  element  or  section  of  the 
surface  as  the  shaded  area 
AB,  will,  as  it  comes  into 
the  magnetic  field  of  the  rotat- 
ingmagnet, cut  magnetic  lines 
of  force  inducing  a  current 
therein,  whose  direction  is 
^  eaaly  determined  by  applying 
Fleming's  rule. 

Since  the  field  is  not  uni- 
form, but  gradually  weakens, 
as  shown,  on  either  side  of  the 

Pic.  7,7»3.-M«:hanical  AppUawe  Co.  «Jid  cote  due  ^had^  ^'^  (which  is  juSt 
u  used  on  small  sa&  mediW  tax  ioductian  moton.  passmg  the  center) ,  the  pres- 
sure induced  on  either  side 
will  be  less  than  that  induced  in  the  shaded  area  AB,  giving  rise  to 
eddy  currents  as  shown.  These  eddy  ourents  induce  poles  as  indi- 
cated at  the  centers  of  the  whorls,  the  polarity  being  determined  by 
applying  the  rif^t  band  rule  for  polarity  of  solenoids,  as  given  on  page 

By  inspection  of  fig.  7,792,  it  is  seen  that  ike  induced  pole 
toward  which  the  magnet  is  moving  is  of  the  same  polarity  as  the 
magnet;  therefore  it  is  repelled,  while  the  induced  pole  from  which 
the  magnet  is  receding,  being  of  opposite  polarity,  is  attracted.  A 
torque  is  thus  produced  tending  to  rotate  the  cylinder. 

It  must  be  evident  that  this  torque  is  greatest  when  the  cylinder  b  at 
rest,  because  the  magnetic  lines  are  cut  by  any  element  on  the  cylindrical 
surface  at  the  manmum  rate. 

Moreover,  as  the  cylinder  is  set  in  motion  and  brought  up  to  speed,  the 
torque  is  gradually  reluced,  b^^use  Uie  rate  with  which  the  magnetic 
lines  are  cut  is  gradually  reduced. 
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The  essential 
condition  of  op- 
eration of  an  in- 
duction motof  is 
that  the  arma- 
ture, or  part  in 
vchich  currents 
are  induced, 
must  rotate  at  a 
speed  slower  than 
that  of  the  rotat- 
ing magnetic 
field.  ■ 


Pro.  7,794. — General  Electric  loldend  form  of  end  riog  constradjon 
turn-    The.ATTUAture  inductora  or  coi>p«r  ban  laid  m  U10  Qon  Bloti 


tingt,  which  »rK  bIm  meds  of  copper.    For  the  si 

but  of  conudcnble  radial  depth  and  are  held  apart  by  apacinff  waab ^ 

Bulkr  holes  Duoched  near  their  outer  niiphenes  ttirough  which  the  ban  pui.    lipe  are 
loTQud  on  t»  ring*,  aa  ihown  to  which  the  ban  art  soldered. 


but  of  conuderable  radial  d^th  and  are  held  aput  by  apacinff  waaben.    "They  h&va ' 

Bular  holea  punched •^-- —' •■ ' — ^'-'-  "-  ' ' 

lonned  oa  t(«  ring*. 

This  diSeretice 


of  speed  ia  called 
the  tlip,  wliioh  ia 
necessaiyin  order 
to  produce  a 
torque  that  will 
balance  the  load. 
The  copper  cyl- 
inder aimattire 
ehowain  &g.  7,792 
would  not  be  de- 
sirable in  practice 

because  there  is  no  t 

definite  path  pro-  [ 

vided  for  the  in-  ' 

duced  currents,.     ' 

Fic.  7,TflS. — General  Eieetno  weiaea  tonn  01  ena  nog  construction  on  tquirrei  ttHK  armatures 
Space  limitatkina  make  it  difficult  to  provide  parallel  aoldeied  rings  of  aufficient  area  tor 
larBe  motors;  hence,  on  such  machines  weldinji  is  resorted  to,  as  shown-  Tberii;^  in  welded 
construction  1*  placed  beneath  the  ban  at  each  end  of  the  aimatutl.  Short  radial  bar* 
are  welded  to  &e  edges  of  these  Tins)  ftad  totha  indocton  01  iquiird  cagt  ban,  thenbr 
P^ pinny  0ood  electiical  contact. 
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Obviously ,  a  better  residt  is  obtained  it  ttie  downward  letuming  ci 
of  the  eddies  are  led  into  some  path  where  they  will  return  across  a  field  <rf 
opposite  polarity  from  that  across  which  they  ascended,  as  in  such  case, 
theturning  effect  will  bedoubled.  Such  modification  was  made  by  cutting 
a  number  of  parallel  slits  in  the  copper  cylinder,  leaving  at  each  end  an  vaua- 
tcrmpted  ring  of  metal  as  in  fig.  7,797,  Later  a  built  up  coostmcticm 
<fig.  7,797)  was  embedded  in  a  solid  mass  of  iron  as  in  fig.  7,798. 


Fios.  7  798  to  7.801  .—Development  of  the  iquinet  cage  fttmature.  Fig.  7,796.  llotUd  am 
cyUrukri  fig^.79T,  bo  eallea  aquirtel  cage;  fiB.  7.798.  squirrel  cage  embedded  in  loUd  ir 
con;  tig.  J.ivB,  tquicTel  cage  with  insulated  ban,  Uminated  con;  fig.  7.800.  sqnimJ  a 
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solid  cylinder  of  iron  is  improved  by  surrounding  it  with  a  mantle  of  cop- 
per, or  by  a  squirrel  cage  of  copper  bars  (like  fig.  7,801),  or  by  embedding 
lods  of  copper  (short  circuited  together  at  their  ends  with  rings)  in  holes 
just  beneath  its  surface.  However,  since  all  eddy  currents  that  cirde 
lound,  as  those  sketched  in  fig.  7,792,  are  not  so  efficient  in  their  mechan- 
ical effect  as  currents  confined  to  proper  paths,  and  as  they  consume  power 
and  si>end  it  in  heating  effects,  the  core  was  then  constructed  with  lamina- 
tions lightly  insulated  from  each  other,  and  further  the  squirrel  cage  oopper 
bar  inductors  were  fully  insulated  from  contact  with  the  core  'TNinnd 
slots  were  later  replaced  by  designs  with  open  tops. 

Slip. — ^This  is  a  vital  factor  in  the  operation  of  an  induction 
motor  since  there  must  be  slip  in  order  that  the  armature  inductors 
shall  cut  magnetic  lines  to  induce  (hence  the  name  ^'induction" 
motor)  currents  therein  so  as  to  create  a  driving  torque. 

The  slip  usually  varies  from  about  2  to  5%  of  S3mchronous  speed  depend- 
ing upon  the  size,  that  is,  the  armature  turns  from  about  2  to  5%  slower 
than  the  rotating  magnetic  field .  There  is  ordinarily  very  little  slip  because 
due  to  the  very  low  resistance  of  the  armature,  very  little  pressure  is  required 
to  produce  ciurent  therein  of  sufficient  strength  to  give  the  required  torque. 

The  revolutions  of  the  rotating  field  per  minute  or  synchronous  speed 
is  determined  by  the  following  formula: 

synchronous  speed— ,     °  ^     ,     X60 

•^  '^  number  of  poles 

The  following  table  gives  the  synchronous  speed  for  various  frequencies 
and  different  numbers  of  poles: 


fnv»B^ 

ILF.M.  flf  ibm  routiag  nMottic  Sdd.  vhM  Bu«b« 
of  polo  i» 

PraqMoey 

olpelakti                                                  j 

9 

• 

10 

10 

30 

34 

t 

• 

10    - 

le 

30 

2« 

«0 
•0 

1.900 
3.600 
iJKO 

600 
1.200 
1.600 

300 
730 
««0 

188 
4SO 
600 

ISO 
360 
«80 

12S 
300 
MO 

100 
120 
t2» 

Aono 

7.200 
7,S0O 

2.000 
2.400 
2.30^ 

1.300 
l.HO 
t.SM 

MO 

«Q0 

T30 
730 

I 
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Rotating  Magnetic  Field, — It  should  be  understood  that 
the  term  rotating  field  does  not  signify  that  the  magnets  revolve 
(as  in  fig.  7,792),  the  expression  merely  refers  to  the  magnetic 
lines  of  force  set  up  by  the  field  magnets  without  regard  to 
whether  the  latter  be  the  stationary  or  rotating  member. 

A  rotating  field  then  may  be  defined  as  the  resultant  magnetic 
field  produced  by  a  system  of  coils  symmetrically  placed  and  supplied 
with  polyphase  currents. 

A  rotating  magnetic  field  may  be  produced  either  by 
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ST  unitann  nluctu 


he  field  magnets  con- 
t  essentially  of:  1, 
te  or  frame;  2,  la- 
n*  or  core  stain  p- 
s;  3,  winding.  The 
;e  and  lamin«  are 
every   way  similar 


1.  Two  phase  currents  as  in 
fig.  7.802,  or  by  . 

2.  Three  phase  currents  as  in 
fig.  7,803. 

The  Field  Magnets.  — The 

construction  of  the  field  mag- 
nets, which,  when  energized 
with  alternating  current  produce 
the  totaling  magnetic  field,  is 
in  many  respects  identical  with 
the  armatitre  construction  of  re- 
volving field  altemaitors. 


revolviij  field  al- 


.  7,808.— WwtemElectno coTBComtructim and metbod of ' 
iduction  motor.    Thacoili  aiewoundonionnataBivathEini.       .   .  ., 
uired.    They  are  presitdintohotroauldtto  removs  any  irregularities  i 
npiegnated  wilhtiot  cement,  to  bind  the  layers togelherin  theiipei 
wtion  of  thecoilwhiehfiwinto  theslot  b  wrapped  with  varaiil    '   ' 
ip«  is  wound  over  thsentincoit.    Ths  coils  are  then  impiegnal 
>und  and  balced.tho  process  bem^repealedBiiEtiinei-    Coils  for 
ivfl  an  extra  coveriog  of  iniulatioa  and  double  tbt  amount  ol 


'  windiiu  field  of  skeleton  fram^ 
aiactuapB  anddimeasioiure* 
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Field  Windings  for  Induction  Motors.— The  field  wind- 
ings of  induction  motors  are  almost  always  ma^e.  to  produce 
more  than  two  poles  in  order  that  the  speed  may  not  be  un- 
reasonably high.     This  will  be  seen  from  the  following: 

•      ••  *■• 

If  P,  be  the  ntimb^r  of  pairs  of  poles  per  phase,  /,  the  frequency,  and  N, 
the  number  of  revolutions  of  the  rotating  fi^d  per  minute,  then 

^^     p 


shaseAI    I     PHASES   l2^£p 


Pig.  7,806. — ^Diagram  o£  two  phase,  six  pole  field  winding.  ,  There^are  six  coils  in  eadi  phase 
as  shown. <^  The  coils  of  each  phase  are  connected  inserie^,  ad jacent  coils  being  joined  in 
opposite  senses,  thus,  for  each  phase,  first  one  coil  is  wound^clodcwise,  and  the  next  counter 
clockwise. 

Pig.  7,807  — Diagram  of  two  phase,  eight  pole  field  winding.  The  winding  is  divided  into 
16  groups  (equed  to  the  product  of  the  number  of  poles  i^ultiplied  by  thenumber  of  phases). 
Each  group  such  as  at  A,  comprises  a  number  of  coils  in  series,  each  coil  being  located  in  a 
separate  pair  of  slots,  the  end  of-  one  beinig  connected  to  the  beginning  of  the  next.  When 
the  currents  are  in  the  same  direction,  the  currents  citeul&te  in  the  same  direction  in  two 
adjacent  groups,  a  pole  then  with  this  arrangement  being  formed  by  two  groups,  both  phases 
contributmg  to  the  formation  of  the  pole. ,  After  H  cycle  "When^the  current  in  each  phase 
reverses,  the  pole  advances  the  angular  distance,  covered  by  two  groups;  hence  the  field 
completes  one  revolution  in  eight  alternations  of  current. 
>       '  "    . 

Thus  for  a  frequencjr  of  100  and  .one  pdr  of  4x>les,  N  =  60  X  100  -4- 
1  s  6,000.  By  increasmg  the  number  of  pairs  of  poles  to  10,  the  freciuency 
remaining  the  same,  N  =  60  X  100  -s*  10  =  600.  Hence,  in  design,  by 
increasing  the  number  of  pairs  of  poles  the  speed  of  the  motor  is  reauced. 

An  objection  to  very  high  speed  of  the  rotating  field  is  the  increased 
difficulty  of  starting.  Hence,  in  practice  there  are  a  multiplicity  of  field 
poles,  and  in  some  cases  low  frequency  current  is  used  to  reduce  the  spe^d 
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of  the  rotating  field.  Where  the  current  is  used  both  forpower  and  lighting , 
law  frequency  is  objectionable  because  of  the  resultii^  "mcker"  in  the  lamps 
which  IS  perceptible. 

In  general  the  field  core  slots  contain  a  distributed  winding  of  substan- 
tially the  same  character  as  the  armature  winding  of  a  revolving  field 
polyphase  alternator. 

The  poles  are  formed  hy  properly  connecting  the  groups  of  coUs  and  not  by 
windii^  concentrated  at  certain  points  on  ^ient  or  separately  projecting 
masses  of  iron,  as  in  direct  current  machines. 


L08. — Westin2hous«  auto-tiansFormer  or  compenaatDT. 
rmersTandT ' 


: .-..  1...  — :..i.r."  .V...    iTT.^jV —  ■i^-'-indiJig  it 


!  adjusted  to  the  work  that  has  to  be  peifoimed.    At  the  highi 
chfB  S  and  S'.  the  full  pressure,  and  at  the  lowest  points,  the  lo 
ir  by  the  operation  of  the  main  switch  M.    This  twitch  has 


coils,  as  acHrm 
AandB.    Thei 


, tion  of  the  main  switch  M.    This  twitch  has  four  blades  and  thne 

thrown  to  the  lelt  as  indicalcd.  it  connecta  the  auto-transCormeis  T  nnd 
Its  A  and  B,  respectively,  aa  that  the  pressure  agios  the  transformer 
by  the  position  of  the  switches  S  and  Sl  is  applied  to  the  motor  ciicuits 


,- :o  the  left  and  a  reduced  pre 

atarted  end  come  up  to  speed  the  switch  M.  is  thrown  ti 
tnnsfoimer  and  connecting  the  motor  directly  to  the  circu 


Starting  of  Induction  Motors. — Because  of  the  very  low- 
resistance  of  the  armature,  the  machine,  unless  of  very  small  size. 
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would  probably  be  destroyed  by  the  heat  generated  before  it 
Could  come  up  to  speed.  Accordingly  some  form  of  starting 
device  is  necessary.  There  are  several  methods  of  startii^,  as 
with: 

1.  Resistances  in  the  field; 

2.  Auto-transformer  or  compensator: 

3.  Resistance  in  armature. 

In  the  flr«t  method  variable  tesistanccs  are  inserted  in  tlie  ciroulta 
leading  to  the  field  magnets  and  mechanically  arTaneed  so  that  the  rraist- 


Fig.  7.809. — Auto-tranafonner  or  compensator  connections  for  three  phase  Indiictioa  motor. 

for  each  phase  of  the  motor  flows  through  an  auto-transfoimer.  which  consists  of  a,  chokmg 

of  it  (as  1.2,3]  to  riduce  the  vcltase  to  the  proper  amount  for  starting,  Sler  the  motor 
has  come  up  to  speed  on  the  reduced  voltage,  the  switch  is  thrown  over  to  running  positioo, 
thus  Gupplyine  the  full  line  voltage  to  the  motor.  In  actual  ODnilrucHon  fuses  are  um- 
aOly  connecte  J,  so  that  they  wiU  be  in  circuit  in  the  running  posiiioD.  but  not  in  the  »t(irtiog 
position,  where  they  might  be  blown  bv  the  largo  startina  current. 

ances  are  varied  simultaneously  for  each  phase  in  equal  amoiuits.  These 
Etartii^  resistances  are  enclosed  in  a  box  similar  to  a  direct  current  motor 
rheostat. 


L 
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In  the  third  method,  variable  resistances  are  inserted  in  the  armature 
cJTCuit,  and  according  to  tbe  location  of  these  resistances,  the  machine  is 
classed  as  an  internal  resistance  motor,  or  an  external  resistajice  (slip 
ring)  motor. 

Internal  Resistance  Induction  Motors. — ^The  armature 
of  this  type  of  induction  motor  differs  from  the  squirrel  cage 
variety  in  that  the  winding  is  not  short  circuited  through  copper 
rii^,  but,  in  starting,  is  short  circuited  through  a  resistance 
mounted  directly  on  the  shaft  in  the  interior  of  the  armature. 


Fic.  T.SIO.— -Viev  of  umatuie  iateiwr  <d  'Wa^nei  poplyphue  induction  motor  witii  mnmd 
Bimature,  thowins  the  ccntiifugal  device  wbich  at  the  proper  speed  ehort  ciiciiiti  atl  the 
coita,  tfsiisfonninB  the  motor  to  the  squirrel  cags  type.  The  winding  is  connected  with  a, 
vertical  "commutator"  bo  csHed.  Inuda  the  armature  are  two  governor  weight*,  wtieli 
ate  thrown  outward  by  the  csntiifuaal  force  when  the  machine  raachea  the  proper  speed 
thua  piuhiog  a  «olid  copper  ring  (whicB  endmlea  the  shaft)  into^eontact  with  the  mner  ends 
of  the  "commutator"  hars,  in  thia  way  completely  sliort  cin:uiting  the  armature  winding. 

When  the  motor  is  thrown  in  circuit,  a  very  low  startii^  current  is 
drawn  from  the  line  due  to  the  added  resistance  in  the  armature.  As  the 
motcT  comes  up  to  speed,  this  resistance  is  gradually  cut  out,  and  at  full 
speed  the  motor  operates  as  a  squirrel  cage  motor,  with  short  circuited 
winding. 

The  starting  resistance  is  gradually  cut  out  by  operating  a  lever  which 
ei^^:es  a  collar  free  to  slide  horizontally  on  the  shaft.    The  collar  moves 
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over  the  internal  resistance  grids 
Oocated  within  the  armature 
spider),  thus  gradtwlly  reducing 
their  value  until  they  are  cut  out . 

TTiis  arrangement  is  suitable  for 
Email  motors,  but  is  objectionable 
on  large  motors  because  of  the  con- 
siderable heat  produced. 

The  initial  rush  of  current  vhen  a. 

Ejiuirrel  cagemotor  is  thrown  on  the 

line  is  more  or  less  objectionable 

and  there  are  central  stations  whidi 

liiw  motor  allow  only  resistance  type  of  induc- 

"  '  tion  motor  to  be  used  on  their  lines. 

As  with  the  internal  resistance  motor,  the  armature  winding  of  a  slip 
rii^  motor  is  not  short  circuited  through  copper  rings  in  starting,  but 
throu^  a  resistance,  which  in  this  case  is  located  externally. 

Eternal  Resistance  or  Slip  Ring  Motors. — in  lat^e 
machines,  and  those  which  must  run  at  variable  speed,  such  as 
is  required  in  the  operations  of  cranes,  hoists,  dredges,  etc.,  it  is 
advisable  that  the  regulating  resistances  be  placed  externally  to 


DC 


M 


(  II  MP 
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the  motor.  Motors  having  this  feattire  are  commercially  known 
as  slip  ring  motors  ^  because  connections  are  made  between  the 
external  resistances  and  the  armature  inductors  by  means  of  slip 
rings. 

The  annature  winding  is  connected  in  Y  grouping  and  the  free  ends  con- 
nected to  the  slip  rings,  leads  going  from  the  brushes  to  the  variable  re- 
sistanoes  as  in  fig.  7,812. 


KES15TANCE  OR 
CONDENSER 


MOTOR     FIELD  WINDIN6S 
AUXILIARY     COILS 


MAIN    COIL& 


ALtCRNATOR 


Fig.  7,818.— Simplified  dia«am  showing  the  principle  of  phase  splitting  for  starting  single 
phase  induction  motors.  By  the  u»e  of  an  auxiliary  set  of  coils  connected  in  parallel  with 
the  main  ooiU  and  having  in  series  a  resistance  or  condenser  as  shown,  the  single  phase 
current  delivered  by  the  alternator  is  "split"  into  two  phases*  which  are  employed  to  produce 
a  rotating  field  on  which  the  motor  is  started. 


SINGLE  PHASE  INDUCTION 

MOTORS 

On  account  of  the  growing  practice  of  central  stations  of 
supplying  their  lighting  service  through  single  phase  distribution 
and  permitting  the  use  of  moderate  size  single  phase  motors  on 
the  lighting  circuit  and  also  because  of  the.  simplicity  of  single 
ptiase  systems,  the  general  utiUty  of  single  phase  motors  of  small 
and  meditmi  sizes,  is  constantly  being  enlarged. 
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tially  of  an  armature  and  field  magnet 
having  a  single  phase  winding  and  also 
some  phase  splitting  arrangement  for 
starling. 

The  phase  splitting  device  ts  neces- 
sary because  the  nature  of  the  field 
prtwuced  by  a  single  phase  current  is 
such  that  it  will  not  start  the  motor. 
By  Splitting  the  phase,  a  field  is  set 
up  normal  to  the  axis  of  the  armature, 
and  nearly  90°  displaced  in  phase  trcmi 
the  field  in  that  aids.  This  crosa  field 
produces  the  useful  tcox^ue. 


motor  with  sliadlne  «nli  tor  atutiqg.  In  ai 


^  copper.  Ba  induiflted  in 

it  CHUBC3R  phase  diffeieno -__ ^ 

^  each  polar  piDJection  uid  ths  pulsating  flui 
lucing  a  two  ptuM  action  OD  the  an — ' —  ' 


h  shading 

"This  qofl,  c 
piilsatini 


called  a  shading  coil  and 


Phase  Splitting. — ^With  single  phase  current,  splitting  the 
phase  will  produce  a  rotating  field  to 
start  on,  which  after  the  motor  has 
come  up  to  speed,  may  be  cut  out  and 
the  motor  will  then  operate  on  the 
oscillating  field.  Splitting  the  phase 
may  be  accomplished  by: 

1.  Auxiliary  coils  and  condenser  or 
resistance  as  in   fig.    7,813,    or  by 


Fio.  7,S15.— Di 


Jiaaruti 


■horinc  aotioD  of  (hading 
if^Ts:  Consider  t 


the  ihcd^  cpn  generate!  a 
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2,  Shading  coils  as  in  fig.  7,814, 

These  methods  being  described  under  the  illustrations. 

The  method  of  Btarting  by  Bplittiiw  the  phase  does  not  give  a  strong 
starting  torque  which  is  an  inherent  defect  of  single  phase  motors.  To 
overcome  this,  on  some  motors  an  automatic  centrifugal  clutch  as  shown  in. 
figs.  7,816  and  7,817  is  provided,  which  allows  the  aimobure  to  tnm  tee 
on  the  shait  until  it  accderates  almost  to  running  speed. 


:«  Tevcdvd  freely  oa  the  i 
.  ftcbed.    Tha  loac  is  thsp  picice 

._ li  liaidlvengagM  an  ouUr  shell,  k 

The  lirau  friction  band  of  the  clutch  u  peimanently  keyed  U 


b.  COMMUTATOR  MOTORS 

Machines  of  this  class  are  similar  in  general  construction  to 
direct  current  motors  They  have  a  closed  coil  winding,  which, 
is  connected  to  a  commutator. 

There  are  several  types  of  commutator  motor,  namely: 

1.  Series       2.  Shunt       3.  Compensated       4.  Reptilsion. 

Commutator  motors  are  similar  in  construction,  to  direct  current  motors, 
because  if  the  mains  leading  to  a  direct  current  motor  be  reversed,  the  di- 
rection of  rotation  remains  the  same,  because  the  currents  through  both 
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the  field  magnets  and  armature  are  reversed.  It  must  follow  then  that  an 
alternating  current  applied  to  a  direct  current  motor  would  cause  rotation 
of  the  armature. 

There  are  sonie  modifications  that  must  be  made  for  commutator  motors 
to  overcome  the  sparking  due  to  local  armature  currents. 

Series  Motors. — This  is  the  simplest    of  the   commutator 
motors;  it  is  identical  with  the  series  d.c.  motor,  except  that  all 


motor  princ^lca.  When  a  closed  cimI  rotate*  in  an  aj.  field,  there  are  aeveral  different 
pRBum  Ht  up  as  foDows:  1.  Tin  traiuformtr  pmtur*  inditctd  in  th*  anuturt  by  Ikt 
atiemollntjhufromtlufitldmatneis.  Evidently  the  variable  flux  pasainff  thrDugh  armatiirQ 
«nl  Is  leait  at  the  plana  AB,  becauwaC  this  point  the  coils  an  inclined  veiy  acutely  to  tlie 
fhix,  and  greatest  at  thei^ane  CD.  where  the  coila  are  perpendicular  to  the  flux.  Accord- 
ingl?.  the  transfonner  proture  induced  in  the  armatun  windinf  is  least  at  AB,  and  Ereateat 
Kt  CD.  The  traosfoimer  pressure  acts  in  the  same  direction  as  the  senerated  prcanim  as 
indicated  by  Uie  long  anovs  and  givea  rise  to  what  nwy  be  called  local  armahiri  (ut»<i. 
:a.  Th«  gentratmd  pmture  iniiutit  in  Iht  armaluri  by  tit  cuUitii  of  Hit  fiux  vhtti  Ikt  omu- 
iurerolaUs.  This  is  minimum  at  the  neutral  plana  CD, and  maxiniiiTD  at  AB.  Ittendsto 
cause  current  to  fiow  up  each  half  ot  the  armature  from  D ,  to  C,  produdne  pole*  at  Ibete 
points.  B.  Tha  ttif  Inductloa  prtmura  inducti  it  balk  Iht  fild  and  armalurt  by  iilf- 
tnditcHou.  This  pressure  being  opposite  ia  direction  to  the  impressed  pressure^  it  must 
be  evident  that  in  the  opentinn  of  an  alternating  currant  eommutator  motor,  the  impraised 
pressure  must  overcome  not  only  the  generated  pressure  but  also  ths  self-induction  pceanin- 
Hcnce,  as  compaired  to  an  equivalent  direct  current  motor,  the  ap^died  voltage  must  be 
greater  than  in  the  direct  current  machine,  to  produce  am  equal  current. 

Fig.  7,S]9. — Section  of  ring  grmatura  ahowing  high  resistance  connncton  and  local  orma- 
turt  currents  These  currents  produced  by  the  transformer  pressure  occur  in  those  coils 
undergoing  commutation.    They  are  Urge,  -    -■  -        ' 

in  then.r3uit  is,  in  the  coi^-  -' — '  ~— -— 

local  currEnta  may  be"from  6  to  15  times  the  strength  ol%e  ni 
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the  iron  in  the  magnetic  circuit  is  laminated  and  sometimes  a 
neutralizing  winding  is  employed.  The  characteristics  of  the 
series  motor  are  similar  to  the  d.c.  series  motor,  the  torque 
being  maximum  at  starting  and  decreasing  as  the  speed  increases. 
These  motors  are  especially  adapted  to  railway  service. 

Neutralized  Series  Motor. — ^To  overcome  excessive  induc- 
tion of  the  armature,  most  single  phase  series  motors  are  provided 
with  a  neutralizing  winding. 

The  neutralizing  coil  is  wound  upon  the  frame  90  magnetic  degrees  or 
half  a  pole  pitchfrom  the  field  winding  and  arranged  to  carry  a  current 
equal  in  magnetic  pressure  and  opposite  in  phase  to  the  current  in  the 
.  armature. 


Fig.  7,820. — Diagram  of  single  phase  series 
commutator  motor.  It  is  practically  the 
same  as  the  series  direct  current  motor,  with 
the^ezception  that  all  the  metal  of  the  mag- 
netic circuit  must  be  laminated. 

Fig.  7.821. — Diagram  of  neutrsdized  series  motor;  conductive  method.  In  the  simple  series 
motor,  there  wiU  be  a  distortion  of  the  flux  as  m  the  direct  current  motor.  As  the  distort- 
ing magnetic  pressure  is  in  phase  with  that  of  the  magnets,  the  distortion  of  the  flux  will 
be  a  fixed  effect.  If  the  poles  be  definite  as  in  direct  current  machines,  this  distortion  may 
not  seriously  affect  the  running  of  the  motor,  but  with  a  magnetizing  system  like  that  unir 
versally  adopted  in  induction  motors  the  flux  will  be  shifted  as  a  whole  in  the  direction 
of  the  distortion,  which  will  produce  the  same  effect  as  iE  in  the  former  case  the  brushes 
had  been  shifted  forward,  wnereas  for  good  commutation  they  should  have  been  shifted 
backward.  As  in  direct  current  machines,  this  distortion  is  undesirable  since  it  is  not  con- 
ducive to  sparkless  working,  and  also  ^reduces  to  a  more  or  less  extent  the  torque  exerted 
by  the  motor.  The  simplest  remedy  is  to  provide  neutralising  coUs  displaced  90  magnetic 
degrees  to  the  main  field  coils  as  shown.  The  neutralizing  current  is  obtaraed  by  the  method 
of  connecting  the  neutralizing  coils  in  series  in  the  main  circuit. 
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The  cturent  through  the 
neutralizing  winding  may  be 
obtained,  either  1.  con- 
ductively;  or  2.  inductively, 
as  shown  respectively  in  figs. 
7,821  and  7,&2. 

Shunt    Motors.  —  The 

simple  shtint  motor  has 
inherently  many  properties 
which  render  it  imstiitable 
for  practical  use,  and  ac- 
cordingly is  of  little  im- 
portance. 


Pig.  7,822. — ^Diasram  of  neutralized  sexies  motor;  indMMetiv€  method*  Althou«[h  the  con- 
ductive method  of  neutralization  is  employed  in  nearly  all  machines,  it  as  jx>ssible  merelv 
to  short  circuit  the  neutralizing  windixig  upon  itself,  instead  of  connecting  it  in  series  with 
tbe  armature  circuit.  In  this  case  the  flux  due  to  the  armature  circuit  cannot  be  eliminated 
altogether,  as  sufficient  fltiz  must  always  remain  to  produce  enough  pressure  to  balance 
that  due  to  the  residual  impedance  of  the  neutralizing  coil.  It  would  be  a  mistake  to  infer, 
^wever,  that  on  this  account  this  method  of  neutrsoization  is  less  effective  than  the  con- 
ductive one,  since  the  residual  flux  simply  serves  to  transfer  to  the  armature  circuit  a  drop 
in  pressure,  precisely  equivalent  to,  that  due  to  the  xesistanoe  and  local  self-induction  of 
-^le  neutralizing  coil  in  the  conductive  method. 
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FxG.  7,823. — ^Effect  of  alternating  field  on  copper  ring.  //  a  copper  ring  be  suspended  in  an 
alternating  field  so  that  the  plane  of  the  ring  is  oblique  to  the  lines  of  force,  it  will  turn  untU  its 
plane  is  parallel  to  the  lines  offorce^  that  is,  to  the  position  in  which  it  does  not  encircle  any 
lines  of  force.  The  explanation  is  that  when  the  ring  (or  closed  coil)  is  suspended  in  an 
alternating  field  so  that  lines  of  force  pass  through  it.  an  alternating  i>res8\ire  vnll  be  induced 
in  the  coil  which  will  be  00^  later  in  phase  than  the  inducing  flux,  and  since  every  coil  contains 
some  inductance,  the  resulting  current  will  lag;  more  or  less  with  resi>ect  to  the  pressture  induced 
in  the  coil.  The  cosine  of  this  phase  relation  becomes  a  negative  quantity  which  means 
that  the  coil  is  repelled  by  the  field.  It  is  only  when  the  ring  is  in  an  oblique  position  that 
it  tends  to  turn.  If  it  be  placed  with  its  plane  directly  at  right  angles  to  the  direction  of  the 
magnetic  lines,  it  will  not  turn;  if  ever  so  little  displaced  to  the  right  or  left,  it  will  turn  until 
its  plane  is  parallel  to  the  lines.  The  largest  torque  wUl  be  obtained,  when  the  lag  of  the 
current  in  the  ring  is  45^. 
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Owing  to  the  many  turns  of  the  field  winding  there  is  large  inductance  in 
the  shunt  field  circuit. 

The  phase  difference  between  the  field  and  armature  currents  and  the 
corresponding  relation  between  the  respective  fluxes  results  in  a  weak 
torque. 

Repulsion  Motors.— -The  operation  of  repulsion  motors  as 
described  by  Elihu  Thomson,  depends  on  the  fact  that  a  copper 
ring  or  closed  coil  when  placed  in  an  altemoHng  magnetic  field 
tends  either  to  move  out  of  the  field,  that  is,  it  is  repelled  by  the 
field  {hence  the  name  repulsion  motor)  ^  or  to  return  so  as  to  set 
itself  edgewise  to  the  magnetic  lines. 

The  production  of  the  torque  which  turns  the  ring  may  be  explained  by 
saying  that  ihe  current  induced  in  the  ring  produces  a  cross  field ,  which,  being 
out  of  phase  with  and  inclined  to. the  field  impressed  by  the  primary  alternat- 
ing current,  causes  a  rotary  field,  and  this  in  turn,  reacting  on  the  conductor  f 
a  turning  moment  results, 

Thomson  took  an  ordinary  d.c.  armature  and  preserved  the  obliquity 
of  the  active  coil  by  the  brushes  and  commutator  and  obtained  continuous 
rotation,  but  since  an  open  coil  armature  was  used  the  torque  developed 
was  due  to  only  one  coil  at  a  time.  This  was  later  remedied  by  the  use  of  a 
closed  coil  armature  and  to  stop  sparking,  compensating  brushes  and  high 
resistance  connectors  were  used.  There  are  several  ty^  of  commutator 
motor, 

A  simple  repulsion  motor  consists  essentially  of  an  armature,  commu- 
tator and  field  magnets.  The  armature  is  wound  exactly  like  a  direct 
current  armature,  and  the. windings  are  connected  to  a  commutator. 

The  carbon  brushes  which  rest  on  this  commutator  are  not  connected 
to  the  outside  line,  however,  but  are  all  connected  together  tlmjurfi  heavy 
short  circuiting  connectors.  The  brushes  are  placed  about  60®  or  70®  from 
the  neutral  axis.  The  field  is  wotmd  exactly  like  that  of  the  usual  induction 
motor. 

Repulsion  Induction  Motor  has  a  governor  mounted  on 
the  armattire  which  short  circuits  the  windings,  after  the  motor 
has  been  started.  The  motor  then  runs  as  a  squirrel  cage 
induction  motor.  As  a  rule  the  brushes  are  lifted  off  the  commu- 
tator when  the  armature  is  short  circuited,  so  as  to  prolong  their 
life. 
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A  compensated  repulsion  motor  consists  essentially  of  a 
simple  repulsion  motor  in  which  there  are  two  independent 
sets  of  brushes,  one  set  being  short  circuited,  while  the  other 
set  is  in  series  with  the  field  magnet  winding,  as  in  the  series 
alternating  current  motor. 

The  two  sets  of  brushes  are  called  the  energy  or  main  short 
circuiting  brushes,  and  the  compensating  brushes.     The  arma- 


13  diagram  o. 


d  Bliahtly  BbiJt  the  brush 
d.    This  diagram  of  con- 


FlG.  7.  SZ5.— Diagram  of  connections  of  Spiague  variable  speed  single  pha! 


TepuiooQ  motor  and  controller.     The  controller  ia  designed  tc  „ , —  _, — . 

speed  increase  as  resistance  or  reactance  is  inserted  in  the  ener^  and  compensating  circnits. 
With  the  eicelition  o(  the  leads  brought  out  from  the  circuits,  the  constant  speed  and  vari- 
able speed  moton  are  identical.    The  standard  controller  gives  apprniimately  2  ;  1  epevd 

ture  possesses  at  starting  most  of  the  apparent  reactance  of  the 
motor,  and  the  effect  of  speed  is  to  decrease  such  apparent  react- 
ance, the  latter  becoming  zero  at  either  positive  or  negative 
Bynchronism,  and  negative  at  higher  speeds  in  either  direction. 

At  starting  the  field  is  practically  non-inductive,  the  effect 
of  speed  being  to  introduce  a  spurious  resistance  which  in- 
creases directly  with  the  speed,  and  becomes  negative  when 
the  speed  is  reversed. 
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Ccanpensated  Teptilsion  motors  are  especially  adapted  for  light 
railroad  service  and  when  thua  employed  a  series  transformer 
is  used  in  the  field  drcuit.  .The  usual  frequencies  employed  are 
25, 40,  and  60,  the  preferred  frequency  being  40. 


Pig.  Tp82a. — Diacr&m  of  connectioiu  of  Sxangae  nvening  type  of  un^  pluBO 
repaloon  notoi.  Ai  ahown.  tiers  ia  &  ipecUl  isvena  field  vindiaa  hsviim 
connection  to  ft  four  pole  double  throw  switch. 


T  .SZ7.— SactkniKl  view  of  Century  nngle  phase  remilsioa  induction  motor. 
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CHAPTER  123 


Armature  Winding 
and  Repairs 

When  a  repair  inan  is  called  upon  to  rewind  or  recoimect  an 
armature  for  different  operating  conditions  he  must  solve  such 
problems  as,  the  order  of  winding,  what  size  wire  to  use,  how 
many  turns  per  slot,  etc. 

Of  cotirse,  if  the  winding  of  the  armature  to  be  rep^ed  has  not  been 
removed,  these  difficulties  are  not  encountered,  but  in  the  absence  of  the 
winding  there  is  nothing  to  indicate  the  size  of  wire,  number  of  turns,  etc. 

1. 

CALCULATIONS 

Armature  Galciilations. — In  the  design  of  a  dynamo  or 

motor,  it  is  usual  to  first  design  the  armature  and  make  the  other 
parts  fit  around  it. 

Accurate  design,  is  a  matter  of  both  calculation  and  experiment  because 
many  of  the  factors  involved  cannot  be  determined  by  calculation  alone. 

The  principal  item  to  be  considered  is  the  size  of  the  wire. 

In  order  to  deliver  a  certain  current,  the  number  of  poles,  etc.,  being 
fixed,  a  certain  size  wire  must  be  used.    As  must  be  evident,  the  heating 
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required  rate  of  cutting       11, 000, 000 ,000       «,  ^«o  ,- 

J.  A.  1  n =     -t  e\etg\  Aw\ —  oJZo  lines  per  sec. 

total  flux  1,920,000  • 

The  number  of.  inductors  (wires)  necessary  to  place  on  the  armature  to 
cut  5,728  lines  per  second  will  depend  on  the  specKl,  thus 

,        r  .  J,     .  total  lines  per  wire  per  sec.  5,728  ^^^ 

number  of  mductors  — ,    ■. — -z —  =   77 — '  ^  ^^^^   »■  286 

revolutions  per  second  V«o  of  1,200 

For  five  horse  power,  at  110  volts 

watts  «  746  X  5  =  3,730;    amperes  =  -^  «  34 

Since  there  are  two  paths  through  the  armature  in  pa^^el, 

amperes  per  circuit  =  34  -f-  2  =  17 

The  sizQ  wire  to  be  used  is  based  upon  a  certain  radiating  surface  per 
unit  of  energy  consumed.  The  greater  this  radiating  sur&ce.  the  less 
will  be  the  heating.  The  amotmt  of  ratiating  surface  allowedin  armatures 
varies  from  1  sq.  m.  j)er  watt  to  3  sq.  ins;  About  1.75  will  insure  a  cool 
operatine  armature.  In  the  accompanying  tables,  the  current  capacity 
is  given  lor  3  sq.  in.  and  for  1  sq.  in.  per  watt.  An  inspection  of  the  tables 
will  show  that  the  capacity  of  wires  depends  also  upon  the  kind  of  winding 
— ^whether  single  la3rer  or  more  than  one  layer — ^because  radiation  is  more 
effective  in  carrying  off  the  heat  with  outside  wires  than  with  those  em* 
bedded  under  an  outer  layer  of  wires. 

Now,  since  the  diameter  of  the  core  is  8  ins. 

its  circumference  »  8  X  3.1416  «■  25  ins. 
and  the  number  of  inductors  per  inch  of  circumference  is 
for  single  layer  winding  286  -«-  25  *  11.4 
for  double  layer  winding  J^  of  286  -^  25  «  5.7 

Allowing  3.sq.  ins.  radiating  surface  per  watt,  the  size  of  inductor  re- 
quired to  carry  17  amperes  is  (from  Table  I,  page  3, 972^12) • 

for  single  layer  winding,  No.  11,  B.  &  S.  gauge 
for  double  layer  winding.  No.  9  B.  &  S.  gauge 

Example. — ^With  the  armature  of  the  previous  example  running  at 
same  speed  and  same  flux  conditions  what  is  the  maximum  capacity  that 
could  be  obtained  with  a  two  laver  winding  of  larger  size  wire  and  same 
number  of  inductors?  As  calculated,  the  number  of  inductors  per  inch 
of  core  circumference  is  5.7,  hence,  for  table  I,  for  5.5  inductors  per  inch 
a  No.  6  wire  ma^  be  used,  and  for  a  two  layer  winding  it  may  carry  28.28 
axnperes.    Now  since  there  are  two  paths  in  parallel  through  the  armature 
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total  current  -  2  X  28.28  -  56,6  amperes 
and  capacity  at  110  volts,  or 

watts  -  56.6  X  110  -  6,226 
Such  1  horse  power  ••  746  watts, 

capacity  ■•  6,226  ■*-  746  -  8.4  horse  power 

In  the  case  of  slotted  armatures,  which  is  the  prevailing  type, 
a  considerable  portion  of  the  circumference  is  taken  up  with  the 
teeth  that  C2umot  be  used  for  the  winding,  hence  it  is  necessary 
to  allow  for  this  in  figuring  the  number  of  inductors  per  inch  of 
circumference. 


is  liuiK  up  of  thin  iliMt  sMet  luiunatkrm  mth  notcha  m  tlw  dmimtennce. 
disc*  w«  pUcad  tosBUier.  form  croovea  or  iloU  to  nCMVs  tba  unutuR  cdli 
dediittd  tool*  thtaa  notchn  an  >o  kccoimtelr  apaced  that  no  Siaa  of  tlu 

Th.  .«iutD»  cona  for  the  Noi.  23.  ».  29, 3S.  27,  38  and  20.  nachina  a 

a  tpidn-,  Khich  also  canie*  the  commutator,  malring  the  two  ptrta  entinl:^  sett- 


B  poaaDila  to  Xtman  the  annature  shaft,  without 

To  calculate  the  size  wire  for  a  slotted  armature  a  single  slot  should 
be  considered,  and  the  wire  chosen  if  possible  with  reference  as  to  how  it 
will  fit  in  the  slot,  that  is,  the  size  should  be  such  as  to  fiU  the  ^ot  wilJi 
the  least  amount  of  waste  space.  In  design,  the  appromnate  width  of  the 
slot  is  obtained  by  multiplying  Ike  diameUr  o}  the  wire  oner  insulation  by 
the  number  of  turns  per  layer,  and  the  depth  of  slot  obtained  by  muUif^ying 
the  number  ef  layers  by  86, 

To  find  the  number  of  inductors  per  slot  when  the  speed  and 
flux  are  fixed  the  following  formula  may  be  used; 

•   A    ^  1   .  W'  X  volts  ,,, 

inductors  per  slot  —  3 .,    ,  , — — W 

flux  X  slots  X  rev.  per  sec. 

Example. — How  many  inductors  per  slot  are  required,  to  generate  110 
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volts,  with  a  total  flux  of  1,920.000  lines,  24  slots  and  1,200 revolutions  per 
minute? 

10"  =  100.000,000  and  1,200  rev.  per  minute  = 
1,200  -^  60  =  20  rev.  per  sec.     Substituting  in  (1) 

•  /I    *  1  *         100,000,000  X  110         ,,  _         ,. 

mductors  per  slot  »  1920,000X24X20  "  ^^'^  ^^  ^^ 

Example. — If  the  slots  of  a  24  slot  armature  be  }^m,  wide  and  there 
are  12  inductors  per  slot  arranged  as  a  three  layer  single  coil  winding, 
what  is  the  maximum  size  wire  that  can  be  used,  and  current  capacity  for 
a  four  pole  machine?  If  flux  be  provided  to  generate  110  volts  what  horse 
power  will  be  developed? 

Table  3  relation  between  slot  sizes  and  various  practical  arrangements 


Figs.  7  830  and  7,831. — ^Fairbanks  Morse  wire  wound  armature  coils  of  type  TR  machine. 
In  con»truction,  the  coils  are  form  wound  and  are  thoroughly  insulated  and  baked  before 
assembling  in  the  slots.  ^  Material  of  great  mechanical  strength  as  well  as  high  insulating 
value  is  used,  and  the  coils  are  subjected  to  repeated  dippings  m  insulating  compound  and  to 
repeated  bakings,  thus  thoroughly  driving  out  all  moisture  and  making  a,  coil  which  is 
practically  water  proof  and  which  will  withstand  rough  handling.  These  coils,  when  com- 
pleted, are  placed  in  the  slots,  where  they  are  retained  by,  bands  on  the  three  smaller  sizes 
and  by  hardwood  wedges  on  the  larger  sizes.  Cores  of  all  sizes  are  provided  with  ventilating 
spaces,  running  from  the  surface  to  the  central  opening  of  the, core,  so  that  air  is  drawn 
through  the  core  and  blown  out  over  the  windings  by  the  revolution  of  the  armature. 

of  standard  double  cotton  wires  B.  &  S.  guage.  Allowance  is  made  in 
the  slot  widths  for  J^  in.  total  insulation  besides  the  cotton  wrapping 
on  the  wire,  when  there  is  only  one  coil  per  slot. 

For  each  additional  coil  per  slot,  J/^  in.  of  extra  insulation  is  allowed. 
In  slot  depths,  .17  in.  beside  the  cotton  on  the  wire  is  provided. 

In  the  example  since  there  are  12  inductors  per  slot  and  the  winding 
is  in  3  layers 

number  of  wires  abreast  =  12  -5-  3  «  4 

Referring  to  the  table  it  will  be  found  that  a  slot  .49  in.  wide  will  ac- 
commodate four  No.  10  inductors  abreast.  Allowing  3  sq.  in.  radiation 
per  watt,  the  carrying  capacity  (from  table  No.  1)  for  a  3  layer  winding 
of  No.  10  wire  is  11.7  amperes. 

Since  the  number  of  paths  is  equal  to  the  number  of  poles 
total  current  output  =  11.7  X  4  =  47  amperes 
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At  110  volts 


watts  =  47  X  110  «  5,170,  and 
horse  power  =  5,170  +  746 


After  having  determined  the  size  of  wire,  number  of  turns  per 
coil,  the  drop  or  loss  of  voltage  due  to  the  resistance  of  the 
winding  should  be  determined  to  see  if  this  loss  be  within  limit. 

Examplem — ^If  the  average  length  per  tttm  of  the  coils  in  the  armature 
of  the  previous  example  be  2  ft.,  wnat  is  the  drop  or  loss  of  voltage  in 
the  armature? 

Since  the  winding  is  of  the  single  coil  type  each  coil  will  occupy  two  slots, 
hence 

total  number  of  coils  «  24  -s-  2  -=  12 

For  12  ttims  per  coil, 

length  of  each  coil  -  12  X  2  »  24  ft. 

Now,  since  the  machine  has  4  poles,  there  are  4  paths  in  parallel,  hence, 
only  yi  of  the  coils  or  3  coils  need  be  considered  m  determining  the  drop. 
Acconiingly, 

length  of  3  coils  =  24  X  3  =  72  ft.    - 

According  to  table  1  (page  3,972-612),  the  resistance  of  No.  10  wire 
at  140'  Fahr.  is  .001137  ohm  pw:  foot,  hence 

resistance  of  3  coils  »  72  X  .001137  »  .08  ohms 
According  to  Ohms  law 

current  =  ^  or  volts  -  current  X  oluns 
onms 


NOTE.—- Tb  And  the  •peed  when  the  volts,  flux,  and  number  of  inductors  axe  fixed  ute 
this  f  ormtda: 

100.000.000  X  volts 

'  ^^       *       flux  X  number  of  slots  X  inductors  per  slot 

NOTE. — To  find  the  strength  of  field  when  the  volts,  inductors  and  speed  are  fixed, 
use  the  formula: 

a  100.000.000  volts 

llUZ  »■  r  


mductors  Tper  slot  X  number  of  slots  X  rev.  per  9ee. 

NOTE. — To  find  the  volt9  when  the  inductors,  flux,  and  speed  are  fixed  use  the  formula: 

-      ^  flux  X  inductors  jter  slot  X  number  of  slots  X  rev,  per  aee. 
"  100.000,000 
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Substituting  in  the  expression  for  vdts, 

volts  or  "drop"  -  11.7  X  .08  -  .94  volt 
which  may  be  con^dered  within  satisfactory  limit. 

Magnet  Calculations. — In  figuring  field  magnets,  the  unit 
ampere  turn  is  frequently  employed  and  is  defined  as  the  magmtic 
Jorce  due  to  a  current  of  one  ampere  fiowing  through  one  turn  of  a 
magnet  winding  numerically  it  is  eqtial  to  the  product  of  one  turn 
mvUiplied  by  one  ampere. 


Fig.  T.S32. — Falrbsnla  Mom  field  cuili  of  type  TR  tnachioc.  In  coiufrucliDn,  tha  cmla 
«ls  wound  upon  iron  fomu.  each  layer  treated  with  ituulating  compound.  Afletwmd  the? 
are  removed  from  the  foimi  and  baked  hard  and  diy  and  finally  wrapped  with  ^"■"^"'^"g 


Rmpere  turns.  Having  fixed  the  voltage  and  size  of  wire  it  makes  no 
dinerence  in  the  tnagnetic  effect  how  many  turns  are  contained  in  the 
winding,  that  is,  for  a  given  voltage  and  sise  of  wire  the  ampere  turns 
remain  the  same  regardless  of  the  number  of  turns  in  the  winding. 

Thus,  if  10  amperes  flow  through  10  turns  of  the  winding  the  result  is 
10  X  10  =  100  ampere  turns.  Now,  if  the  number  of  turns  be  donbled, 
the  resistance  of  the  winding  will  be  doubled  which  will  cut  down  the 
current  one  half,  that  is,  6  amperes  X  20  turns  =  100  ampere  turns. 
Of  course,  this  ia  not  strictly  true  where  the  magnet  is  made  up  of  more 
than  one  layer,  because  the  diameter  of  an  outer  turn  being  greater  than 
that  of  an  inner  turn,  its  length  and  resistance  is  greater,  the  resulting 
effect  being  to  slightly  decrease  the  ampere  tiuns  as  each  layer  is  added. 
The  reason  then  for  increasing  the  number  of  turns  in  a  magnet  winding 
b  la  tut  doum  the  current  si^fftcently  to  prevent  overheating  of  the  winding. 

n  diameter  be  one  inch  thick. 
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The  diameter  of  the  inner  layer  turns  are  8  ins.,  and  the  outer  layer 
turns  8  +  2  •■  10  turns,  hence, 

average  diameter  of  the  turns  •■  H  (8  +  10)  »  9  ins. 

Example, — ^If  the  magnet  of  the  previous  example  contain  500  tums^ 
what  is  the  length  of  the  winding? 

The  average  diameter  of  the  turns,  as  obtained,  being  9  ins.^ 


length  of  winding 


9  X  3.1416  X  500 
12 


1,178  ft. 


Example* — ^If  a  winding  one  inch  deep  be  placed  on  an  8  in.  spool, 
what  18  the  smallest  size  wire  that  will  give  10,000  ampere  turns  with 
110  volts? 


Figs.  7,833  and  7,834. — Magnet  spool  with  essential  dimensions  necessarv  for  calculation. 
Farmukmt  rf-V(LXN)+T;  LXN-(f«XT;  /-(D«-B>)L-*;  W-  (D«-Bt)LXc;  R- 
(D*— B*)  LXa;  r5"*DX3.14XL.  In  the  formulae,  d>diam.  of  wire  over  insulation; 
/  ^length  of  wire  on  spool;  T  ^number  c^  turns;  r  ^resistance  of  one  foot  of  wire;  rs  "-radiating 
surface;  B  >diam.,  ot  core  and  insulation;  D  Mdiam.  over  outside  of  completed  winding: 
L»  ""length  of  winding  spaces  on  spool;  N  ^depth  of  winding  core  to  outside;  W  aaweight  of 
wire;  a,cjk,  constants  whose  values  are  given  on  next  page.    All  dimensions  m  inches. 

Aveca^e  diameter  o£  turns  "■  J^  (8  +  10)  «■  9  ins. 

9  X  3.1416 


length  of  average  turn 


12 


2.36  ft. 


The  sectional  area  of  the  smallest  wire  (in  circular  mils)  is  obtained 
from  the  formula 

^  .  12  X  length  average  turn  in  feet  X  ampere  turns  /i  \ 

*area  wire  =» -^^ ^ r- v-*^/ 

volts 

Substituting 

12  X  2.36  X  10,000       „  «r^c    •      i        m 
area  wire  ■• jjiz ■ ■=  2,575  circular  mils 

nearest  size  wire  from  table  is  No.  16  B.  &  S.  gauge. 
♦NOTE,— In  the  formula,  12  is  the  resistance  of  1  mU  foot  of  copper  at  130<»  Fahr. 
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Having  determined  the  minimtmi  size  of  wire,  the  next  step 
is  to  find  how  many  turns  must  be  placed  on  the  spool  to  prevent 
undue  heating. 

The  watts  lost  by  the  current  heating  the  winding  is  eqtial  to 
the  square  of  the  current  multiplied  by  the  resistance,  that  is 

watts  lost  =  amperes^  X  ohms. 

In  proportioning  the  winding  for  depth  and  length,  the  deph  of  the 
winding  must  be  such  that  there  will  be  from  1  to  2  sq.  ins.  of  surface 
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per  watt.    With  1  sq.  in.  per  watt,  the  magnet  in  operation  will  be  "hot/* 
and  with  2  sq.  ins.,    warm." 

Example. — ^How  much  radiating  surface  (neglecting  the  ends)  on  a 
magnet  whose  outside  dimensions  are  9  ins.  diameter,  6  ins.  long 

area  outer  cylindrical  surface  =  9  X  3.1416  X  6  »  188 Ji  sq.  ins. 

Example. — ^An  8  in.  spool  is  to  be  wound  with  No.  16  wire  to  a  dei>th 
of  1  in.,  which,  as  calculated  in  a  previous  example,  is  the  smallest  size 
wire  that  will  give  a  required  10,000  ampere  turns  with  110  volts.  How 
many  turns  of  wire  must  be  wound  on  the  spool  to  prevent  undue  heating? 

For  winding  magnets  what  is  known  as  magnet  mire  is  used,  the  wire 
generally  having  a  single  cotton  covered  insulation. 

By  reference  to  the  accompanying  table  the  ntmiber  of  turns  per  linear 
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TABLE  lll—Propertiea  of  Insulated  Wires 

(According  to  Houstmann  and  Tousley) 
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inch  or  per  sq.  in.  of  cross  sectional  area.  Considering  a  portion  of  the 
winding  covenng  an  inch  length  of  spool,  1  in.  deep,  the  sectional  area  of 
this  portion  is  1  sq.  in.  Referring  to  the  table  of  magnet  wire.  No.  16  wire 
single  covered,  will  wind  306  turns  per  so.  in.,  that  is,  per  inch  length  of 
spool.  The  length  of  the  average  turn  oeing  2.36  ft.  (as  calculated  in  a 
previous  example) 

length  of  winding  per  inch  of  spool  »  306  X  2.36  »  722  ft. 

and  from  table  its  resistance  being  6.39  ohms  per  1,000  ft. 

722 
resistance  of  winding  per  inch  of  ^>ool  ■=  i  nnn  ^^  ^'^^  ■■4.6  ohms 

The  outside  diameter  of  the  winding  being  10  ins., 

radiating  surface  per  inch  of  spool  «■  10  X  3.1416  •■  31.4  sq.  ins. 
Now,  from  any  electric  circuit,  the  energy  lost  by  heating  the  wire,  or 

watts  =  amperes  X  ohms (1) 

but  by  Ohm's  law 

volts 

amperes  =   -r — 

ohms 

Substituting  this  value  for  amperes  in  equation  (1) 

volts*  ^^    ,  volts' 

watts  =■  -r — \  X  ohms  —  -r — 

ohms'  ohms 

And  if  the  coil  be  designed  for  "warm"  working  by  allowing  2  sq.  in. 
radiating  surface  per  watt,  then  it  must  be  so  proportioned  that 

volts' 
radiating  surface  =  2  X  watts  ■■  2  X    ,    ■  ■ (2) 

In  order  to  determine  the  length  of  the  coil,  first  find  what  resistance 
would  be  necessary  if  the  winding  were  to  consist  of  only  the  one  inch 
portion  just  considered.  To  do  this,  solve  equation  (2)  for  resistance, 
thus 

oiuns  =  — J.  .. -J — ( o) 

radiatmg  surface  ^  ' 

This  will  give  a  resistance  much  greater  than  the  4.6  ohms  as  calculated 
for  that  portion  of  the  winding,  hence,  the  spool  length  of  the  winding 
must  be  mcreased  until  the  resistance  of  the  winding  has  a  value  as  ob- 
tained by  equation  (3).  Thus  substituting  in  equation  110  volts,  and  31.4 
sq.  ins.  radiating  surface  in  equation  (3),  the  necessary  resistance  of  the 
winding  for  "warm"  working,  or 

^l,n,c:   =  2X110   ^  - 
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Accordingly,  since  the  resistance  of  the  winding  is  proportional  to  its 
length, 

T 
length  of  winding  —  1  m.  X  -r-^  =  1.6  ins. 


SINGLE  LAYER  CONWT  •   "  DOUBLE  LAYW  CONTACT 


'iGS.  7,835  and  7,836.— Scjuare  and  hexagonal  order  of  "bedding/  The  tefiS^tedding  le  an 
expression  used  to  indicate  the  relation  between  the  cross  sectional  area  of  the  winding  when 
wound  square,  as  in  fig.  7,835,  and  where  wound  in  some  other  way,  as  in  fig.  7,837.  In  the 
square  order  of  bedding,  the  degree  of  bedding  equals  sero. 


NOTE. — yutnber  of  tatmatut^  9iota.  As  a  rule  there  are  not  less  than  ten  slots  per 
>ole.  In  multiple  machines  fkara  are  at  least  three  or  four  slots  in  the  spaoa  between  adjacent 
>Qle  tips.  The  area  x>er  slot  on  machines  above  five  horse  power  is  approximately  one  sg.  in. 
ind  roughly  the  capacity  of  a  slot  of  this  area  is  about  1,000  ampere  turns  for  machines  designed 
o  work  on  less  thtui  500  volts* 

NOTE, — Nufnber  of  commutator  barg.  This  dq>ends  on  the  voltage  between  the 
•ars.  The  number  of  bars  may  be  a  multiple  of  the  number  of  slots.  A  large  number  of  com- 
lutator  bars  improves  the  Commutation  but  this  advantage  is  o£bet  by  increased  difi&culties 
ncountered  in  construction. 

NOTB.— -Current  cfonsif  jr  in  armature  inductors.  In  determining  the  intensity  of 
txrrent  much  depends  upon  the  provision  for  ventilation  and  operating  conditions.  Jn  general 
OO  to  700  circular  mils  per  ampere  is  safe.  For  short  overloads  or  for  operation  in  hot  engine 
x>xn8,  1,000  circular  mils  i>er  ampere  may  be  used. 

NOTE.— Jfoflrnetic  denaitim:  In  small  machines  the  denaitif  in  the  air  gap  is  rarely 
irer  32,000  lines  per  sq.  in.;  in  large  machines  the  density  raa^  be  as  high  as  60,000  lines  per 
|.  in.  Deneitjftn  te«f  A  is  usually  about  100,000  Unes  per  sq.m.,  being  somewhat  less  in  very 
nail  machines.  Deneity  in  magruet  core:  cast  iron  may  oe  worked  up  to  about  40,000  or 
)i»000  lines  per  so.  in.;  wrought  iron  and  cast  steel  being  about  95,000  to  105,000  or  more  lines 
ir  sq .  in .  Deneity  in  yoke:  for  cast  iron  the  density  should  be  about  30,000  lines  per  sq .  in . ; 
kr  cast  steel,  about  75.000  Unes,  and  for  wrought  iron  forgings  about  85,000  lines.     Dewuity 

I  eurmature  core:  this  may  be  taken  at  from  85,000  to  90,000  lines  per  sq.  in.  for  drum  arma- 

NOTE.^I^iMimo  loMM.  These  are  the  mechanical  lass  due  to  friction,  and  electrical 
$$es  in  the  core,  field,  and  armature.  Friction  loee.  This  ranges  from  3  to  5  %  in  respec- 
rtly  small  and  large  machines  of  good  design.  Core  loee*  In  well  designed  machines  this 
«0uld  not  exceed  2%  at  the  output  at  full  load.  Field  loee.  The  portion  of  the  electrical 
■rgy  generated  in  the  armature  which  is  lost  in  exciting  the  field  magnets  varies  from  00  to  0  % 
^be  total  energy  generated.    Armature  foes.    This  is  usually  termed  the  copper  loss  since 

II  due  to  the  resistance  of  the  winding;  it  is  a  very  variable  quantity  and  is  equal  to  the  square 
^te  current  multipUed  by  the  resistance  of  a  section  of  the  vinaing  between  brushes* 

NOTE. — Arnuiture  pathe  in  umve  and  lap  windings.  A  wave  winding  has  but  two 
-IS  through  the  armature,  refigrdless  of  the  number  of  poles;  whereas  a  lap  winding  has  as 
1^  paths  as  there  are  poles.  ^This  distinction  is  important  in  figuring  the  size  of  wire  for  the 
'ing  to  carry  the  current  wxthoot  undue  heating. 
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2.   REPAIR  SHOP 

METHODS 

A.    Rewinding 

DismaiftUiig. — ^When  an  armature  is  brought  into  the  shop 


STEEL  DRIVING  TOOL 


ulllUUIlllllDIUillUUt 


^^ 


w/^y^/yz/v/^^^^^^A 


REMOVED  FROM  /  "^  '  '  '^  ^      '^J       SLOT 
SLOT  /  (I IJ /////// //ff/ffl^ 


ii.. 


u. 


FtG.  7(837.— operation  of  removing  wedge  from  slot  of  annatuie  by  me  dt  steel  driving  tool 

to  be  rewound,  it  must  first  be  stripped  of  the  old  winding  and 
re-insulated  throughout.  Before  doing  this  the  winding  should 
be  examined  and  a  complete  winding  data  sheet  made  out  sc 
that  in  rewinding,  the  workman  will  know  what  size  wire  to  use. 
number  of  turns  per  dot,  pitch  of  coil,  and  the  ntxmerous  other 
items  necessary  to  duplicate  the  former  winding. 

In  dismantling,  the  first  operation  is  to  remove  the  banding  wires, 
being  careful  if  these  be  cut  with  a  chisel  not  to  deat  tiie  teeth. 

Next,  unsolder  the  commutator  leads  and  remove  slot  wedges  with  a 
steel  drive  of  the  same  size  as  the  wedge.    Now  remove  coils  by  nismg  the 
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top  Bidea  for  a.  distance  of  the  throw,  iriien  the  bottom  side  of  encli  coil 
can  be  reached  and  the  others  taken  out.  Take  out  one  coil  as  carefulhr 
as  possible  without  disturbing  its  shape  so  that  it  vill  serve  m  a  gtude 
in  fornung  the  new  coils.  Mtei  all  coils  have  been  removed,  the  slots 
should  be  cleaned  of  the  old  insulation  by  burning  with  a  torch  and  any 
burrs  or  rough  places  smoothed  with  a  file. 

Windii^  Methods. — The  new  coils  are  made  to  conform 
with  the  data  taken  in  dismantling  the  old  coils.  In  large  repair 
shops  coils  are  made  either  by  winding  on  a  mould,  former,  cr 
shuttle. 

Mould  coils  are  wound  by  rotating  the  mould  in  a  lathe.     Former  coils 


Pig.  T.83S.— HoltH-Cabot  putiaQv  wound  burel  wound  uoutute  *howiii«  amiuniKnt  tl 
coUj.  The  core  Tl  built  up  of  thin  disci  o(  soft  aune.led  »tMl.  which  are  ilottedto  bUow 
the  wire  to  cink  below  the  surface,  thii  bcioK  ■ometimei  called  iro»  dad  cofiilmrlum.  The 
dim  vtu  held  by  cod  plfltc^,  damped  with  ihrouffh  botti.  The  cotis  are  nuchine  formed 
at  lound  ribbon  or  bar  copper  depending  on  the  tite  and  purpou  of  the  mBchine.  beinc 
wilhout  ioint  eicept  at  the  cotnmutHtar.  They  lie  in  insulaicd  Itoughi,  the  upper  Uyn* 
beioB  iniulited  from  the  lower  Uveri  by  fibre. 
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are  made  over  stationarv  fomis,  using  levers  or  mallets  to  force  the  coil 
to  the  proper  shape.  Shuttle. coils  are  "wound  on  a  shuttle  fastened  in  a 
I^the  and  then  puU^  on  a  coil  puller  to  the  required  shape. 

Commutator  Connections. — Before  winding,  the  commu- 
tator should  be  tested  for  grounds.  In  winding  as  each  coil  is 
put  in  its  slot  the  sleeving  on  the  ends  of  the  lower  leads  should  be 
fastened  to  the  wire  by  friction  tape  and  these  leads  inserted  into 
the  slits  of  the  proper  commutator  bars. 


Pig.  7,839. — Method  of  winding  "straight  out"  coils.  There.aie  several  ways  of  maldns  these 
coils.  ,A  former  may  be  prepared,  as  shown  in  the  figure,  with  a  board  having  inserted 
four  pins,  and  having  attached  two  blocks  at  the  ends  carrying  horizontal  pins  as  shown. 
Around  the  several  pins,  the  coil  is  wound  to  the  required  numbo*  of  turns  and  taped.  This 
coil  differs  from  the  evolute  coil  in  that  the  two  halves  are  of  equal  size,  the  parts  which 
act  respectively  as  upper  and  under  inductor  being  of  equal  length's  The  coil  as  shown  is 
suitable  for  wave  wmdiog. ' 

Pig.  7,840. — ^Ai^arance  of  straight  out  coil  after  being  opened  out.  In  opening  out  the  coil, 
the  ends  C  and  F,  are  put  into  a  clamp  and  twisted  at  right  angles  to  the  plane  of  the  coil. 
The  letters  correspond  to  the  points  indicated  in  fig.  7,839. 


In  connecting  the  first  lead,  the  proper  bar  to  tise  depends 
upon  the  location  of  the  brushes  with  respect  to  the  pole  tips, 
thus:  If  brushes  be  midway  between  poles  connecting  begin- 
ning of  coil  to  bar  radially  opposite  inductor  slot;  when  brushes 
are  centered  with  poles,  the  connection  should  be  made  with 
bar  90  electrical  degrees  to  right  or  left  of  the  slot  in  which 
the  beginning  or  bottom  side  of  the  coil  is  located. 

In  soldering  care  shotdd  be  taken  that  molten  solder  do  not  fall  or  run 
down  back  of  the  commutator  which  would  cause  a  short  circuit.  Never 
use  an  acid  flux;  a  good  preparation  consists  of  a  solution  of  rosin  in  alcohol. 
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m  the  rcjl  and  rewound 


E^c.  7,842.— Aflotlirrftnd.  Bimpler  method  of  winding  a  "itrBiflht  out"  cojl.  Aboard  with  odIt 
two  pini  is  emphired  u  diawn;  thia  plan,  however,  givee  more  trouble  in  the  nibsequent 
opemng  out  of  the  coil. 


FiC.  7,843.— Uetbod  of  toBiUtiBg  doable  kT«r  winUiiC  in 
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Lighting  Out  Test. — ^The  object  of  this  test  is  to  see  if  the 
leads  have  been  connected  to  the  proper  bars. 

In  testing,  use  a  lamp  tester  placing  one  terminal  on  a  commutator  bar 
and  toudi  the  top  leads  of  several  coils  until  the  lamp  lights.  This  locates 
the  top  side  of  the  coil  corresponding  to  the  bottom  side  connected  to  the 
test  lamp.  If  the  lamp  light  on  more  than  one  lead  it  indicates  a  short 
circuit. 


PZG.  7,844. — Method  of  pUcinff  two  layer  lap  winding  coils  in  armature  slots.  In  a  two  larer 
winding  one  side  of  a  coil  will  be  at  the  bottom  of  a  slot  and  the  other  at  the  top  of  another 
slot.  To  place  coils  in  slot,  put  in  the  lower  sides  first  as,  1 » 2, 3, 4,  of  coils  A,  B,  C,  D •  leav- 
ing the  other  side  of  each  coil  outside  its  slot.  Evidently^  when  enough  coils  to  make  up 
the  inner  layer  have  been  placed  this  way,  the  upper  layer  side  of  the  last  coil  so  placed  can  ha 
put  into  the  slot.  Thus,  after  lower  layer  side  4,  of  cou  D,  is  put  in  the,slot«  the  upper  layer 
side  5,  may  be  put  in  position  on  top  of  side  1  of  coil  A.  Thus  moving  the  last  coU from 
point  D  to  D'  indicated  by  the  dotted  Une. 

Banding. — Since  heat  causes  the  coil  insulation  to  shrink,  it 
LS  necessary  to  first  put  on  a  temporary  banding  to  heat  armature, 
moimt  in  a  lathe,  and  then  wind  on  a  temporary  binding. 

After  the  armature  cools,  remove  the  temporary  banding,  and  put  on  a 
permanent  one.  In  putting  on  the  permanent  banding,  in  the  absence  of 
a  banding  machine,  pass  banding  wire  two  or  three  times  around  a  rotmd 
banding  stick  about  2  ins.  in  diameter  and  adjust  tension  by  hand. 

In  starting,  wind  a  few  turns  at  one  end,  then  wind  all  the  groups  con- 
tinuously to  avoid  fastening  the  ends  of  each  j|[roup  as  they  are  wound. 
The  ends  are  fastened  by  means  of  narrow  tin  strips  placed  under  the  wires, 
bent  back  over  the  top  and  held  by  tin  solder.  Insert  these  strips  about 
every  3  ins.,  while  the  wire  is  being  wotmd  on. 
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The  end  windings  are  secured  by  groups  of  wire  wound  on  insulating 
bofuds.     * 

The  tension  on  tending  wires  should  be  from  about.  200  to  400  lbs., 
depending  on  the  eize  of  the  wire. 


Fio.  7,dlA. — hletbodof  Inndiiitf  annatura  windiiig;    Complete  applunca  for  TianHling  ay 


X'hty  an  KO  iwoni  required.    When  needed,  tberefoPB.  Aome  tempoi 

ba  mortad  ta  for  help  in  the  dilemma.    Should  ui  uiuature  bum  ou., 

tlut  DUkw  coili  and  icwln^a  annatuna  mar  ba  aviilabi*  to  do  tha  work;  acain,  it  win  ba 
neceaaaw  to  •cod  to  th«  toaaufacturen  for  ^  man,  aa  Eoon  ai  coila  can  ba  rnada  ready  for 
tha  work.  In  no  can  iboold  any  but  an  cqienenad  nan  be  livcn  charge  of  thia  wofk. 
But  if  there  be  any  doubt  aa  to  whether  tha  armature  ia  really  burnt  out.  let  a  competent 
maabethaiuds:.  When  a  )si«e  armature  nMdmpairing,  a  pair  of  chain  tons*  can  ba  oaed 
on  (oms  put  d  the  ihaft  wkes  putting  ia  the  coUi,  and  a  block  and  tacUe,  as  ibown.  can 
ba  used,  when  putting  on  th?  band  wirea.  Do  not  AniAh  one  baud  and  then  cut  off  the  wire, 
bntiunjtorerfoithenen.stc.   Then  acJder  and  tiim  oti  the  wiiea. 


Fio.  7MS. — Method  of  aecurinc  tenson  in  bending  win  by  nse  of  weie^ted  pulley. 
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B.  COMMUTATOR  REPAIRS 

Grinding  of  Commutators. — ^When  a  new  or  reassembled 
armature  has  been  in  use  some  time,  the  shrinkage  of  the  insula- 
tion causes  the  commutator  bars  to  settle  resulting  in  an  uneven 
surface.  This  must  be  trued  up  by  turning  in  a  lathe  when  in 
very  bad  condition  but  otherwise  a  grinding  tool,  or  simply  an 
application  of  very  fine  sand  paper  No.  00  will  do. 


Pig  .  7,847. — Method  of  smoothing  commutator  with  a  stone .  The  proper  stone  to  use  la  made 
out  of  white  sandstone  similar  to  that  used  for  grindstones,  but  a  trifle  scoter.  It  is  dove- 
tailed into  a  holder,  as  shown  in  the  illttstration,  and  held  in  place  by  a  set  screw.  When 
being  used,  one  knob  is  grasped  in  one  hand  and  the  other  knob  in  the  other  hand,  the  stone 
being  moved  back  and  lorth  alon^  the  length  of  the  commutator.  As  the  stone  will  be- 
come coated  with  copper  at  first,  it  must  be  cleaned  frequently  by  means  of  coarse  sand 
paper.  The  fine  dust  from  the  stone  will  get  imder  the  brushes  and  wear  tiiem  to  a  very 
close  fit.    After  using  the  stone,  finish  with  fine  sandpaper. 

On  small  machines  this  may  be  applied  by  inserting  under  a  brush, 
utilizing  the  brush  tension  to  press  the  paper  against  the  oommutator, 
but  on  larger  machines  the  brushes  should  be  lifted  to  prevent  the  dust 
becoming  imbedded  in  the  brush  contact  surface,  which  tends  to  cause 
poor  commutation. 

High  Mica* — ^This  condition  obtains  after  considerable  wear 
and  results  in  heating  of  the  commutator  bars  due  to  ardng. 
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In  severe  cases  the  solder  mdts  resulting  in  short  circuits  and  open 
circuits  due  to  leads  becoming  disconnected.  To  remedy  this  condition 
the  mica  must  be  under  cut. 

Undercutting  of  Mica. — ^The  mica  insulation  between  the 
commutator  bars  should  be  imdercut  from  J^  to  J^^  in.  below  the 
surface  of  the  bars. 

In  doing  this  be  careful  to  avoid  leaving  thin  slivers  of  mica  next  to 


COMMUTATOR  BAR  ^.^,    MICA  IHSULATION 

■•••■*%  _. 


Figs.  7,848  and  7.849. — Mica  segment  P.  cut  from  sheet  using  bar  L,  as  pattern.  Such  a 
segment  is  cut  large  at  t(q>  and  at  ends  so  as  to  ttim  down  evenly  with  copper  bars  when  con>- 
mutator  is  finally  surfaced. 


the  bars.  Special  motor  driven  saws  are  available  for  cutting  the  mica. 
Small  commutators  may  be  machine  cut  on  a  milling  machine.  Various 
hand  tools  also  have  been  devised  for  cutting  the  mica. 

High  and  Low  Commutator  Bars. — ^When  a  commutator  is 
hot  the  shellac  in  the  mica  being  in  a  soft  state  will  allow  the  bars 
to  move  more  or  less  under  centrifugal  force  due  to  rotation 
which  is  frequently  the  cause  of  high  or  low  bars. 


NOTE.— Commufirtor  Slotting, — ^Por  slotting,  a  home  made  outfit  is  frequently  used.  A 
good  cutting  tool  consists  of  a  circular  saw  or  miller  ^  to  IK  in.  in  diameter  with  from  15 
to  30  teeth.  The  thickness  of  the  saw  should  be  slightly  greater  than  that  of  ^  he  mica, 
that  is  for  mica  .03  in.  thick  a  .035  in.  saw  should  be  used.  In  this  way  the  mica  can  be 
removed  completely  with  no  thin  layers  left  at  the  sides.  This  saw  may  be  mounted  on  the 
tool  carriage  of  a  lathe  as  here  shown,  and  driven  at  from  1,200  to  1.800  r.p.m.  by  a  belt 
from  the  line  shaft  or  by  a  small  motor  mounted  on  the  carriage.  With  a  spacer  of  the  same 
width  as  the  commutator  bars  two  saws  may  be  tised  and  the  slotting  operation  be  per* 
formed  in  half  the  time.  Instead  of  the  circular  saw,  a  lathe  tool  grotmd  to  fit  the  slots 
may  be  used,  by  mounting  it  in  the  tool  post  and  moving  back  ana  forth  acroas  the  com- 
mutator by  operating  the  carriage.  It  may  also  be  mounted  on  a  special  stationanr  post 
and  moved  back  and  forth  by  a  hand  lever.  These  methods  require  a  lathe  which  is  not 
always  available,  and  several  types  of  machines  avoiding  this  ax«  in  use.   . 
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To  remedy  this  defect  let  m&chine  run  till  hot,  then  talcs  up  oa  com 
mutator  rii^;,  repeating  the  process  several  times  if  necessary,  Hi^  o 
low  bara  can  sometinies  be  re-aligned  by  respectively  tapping  down,  o 
prying  up  and  inserting  undemeaUi  a.  narrow  strip  of  mica. 


prying  up 

Bum  Outs. — This  trouble  which  occurs  between 


Pics.  T390.-^totmiT  hand  tool  t__   . 

mDunted  between  two  haodlefl  and  ndiuBtHl^  at ^  „ ,._ .  ,_  „ . , 

tlw  depth  of  the  slot  miiy  be  gsuied  and  kept  uniform.    Tha  uw  may  ba  driven  by  a 
Buall  Mationuy  motor  thnnigh  a  aeiible  shaft  or  br  B  conqmsHd  nir  drill.    In  t) ' 
"" '     ~   lAture  u  simply  placed  on  ft  pair  of  V  aunKirta  and  clamped  to  prevent  it  ' 


bars  is  usually  due  to  oil  which  collects  dust,  causing  leakage  ot 
current  from  bar  to  bar  with  resultii^  carbonizing  of  the  mica 
and  finally  a  short  circuit. 

Plug^lnft. — When  the  mica  is  not  burned  too  deep,  clean  out 
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the  hole  thoroughly  and  plug  with  a  filling  made  of  two  parts  of 
plaster  of  paris,  one  part  powdered  mica  and  enough  glue  to  make 
a  thick  paste. 


end*  of  GeoeiBl  Electric  SUndud  type  R,C 


:J 
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. a  two  adjacent  ban  of  acoai- 

_  ...-  _.ie  fint  opftrationuto  clfian  carefully  «iid  tin  -the 

The  two  hua  sre  then  wedBed  apart  and  mica  stript,  A, B.  Gs-  T.S56. 

1  ^1-., ._ — ^  j^_    .^j^  commuUtor  must  now  be  warmed  up 

..ma  irons,  and  strips  of  mica.  C.D.E.F^.  T3«> 
a.  being  kept  in  potion  b7  pieces  of  wood  W>  Soldet 
1 — -ca  tHnnat  to  gmde  it. 


Figs.  7357  and  73SS. — Method  ot  lenairing  biolien  joint  tetwceo  coramuUtor  Mginent  and 
tug.  To  repair  such  a  break,  push  ad>estDS  in  belwee     ■'' "- -...^..■' 

purpose  of  keeping  solder  from  places  whei«  it  would  cause  trouble.  Then  unfioiaer  tne 
armature  leads  from  the  lug  and  remove  the  latter.  Next,  witb  Epecially  made  cape  chisels, 
cut  in  a  Blot  in  the  commutator  bar  for  a  new  lug.    Care  and  skill  are  required  not  to  de- 

tlueB-eiehtha  inch  deep.  The  connector  is  then  soldered  in  place.  With  care  a  sati^ac- 
tory  ctmnection  can  be  made  in  this  way,  which  will  last  well.  If  it  do  not  last,  the  trouble 
in  almost  every  case  is  due  to  poor  soldering.  Short  circuits  sometimea  occur  after  this 
operation,  because  of  solder  falfing  in  at  the  back  and  lodging  on  lower  connections.  In 
large  machines,  the  excessive  current  flowing  is  quite  likely  to  melt  this  solder,  and  th« 
1.; ^.._,.   ..>._ — : .  .1. i._j  __ij__    _,. 1.-.^  ■. ,._  _..  jj^j  again. 


While  the 

u'fini 


itthijoccuTTence.  which  may 

armature  ^ouki  be  tt 
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Pigs.  7,859  and  7,860. — ^Ring  or  clamp  for  holding  commutator  bars  together  when  assembling 
and  method  of  using.    The  clamp  should  be  sbghtly  smaller  than  the  diameter  of  the  com- 
mutator.   In  UMtng,  wooden  blocks  C,  xnay  be  used  as  distance  pieces  to  align  the  damp 
at  the  middle  of  the  commutator.    D  is  an  iron  face  plate.    The  distance  pieces  C,  and 
clamp  B,  are  placed  on  the  plate  D.  as  shown,  and  the  bars  and  mica  segments  stacked 
in  a  circular  form  within  it.   Be  careful  not  to  omit  any  of  the  mica  segments,  so  that  eadi 
bar  is  insulated.    Carefully  count  the  bars  to  be  sure  that  the  correct  ntmibenr  are  in  x>osi- 
tion.    Take  several  pieces  of  copper  wire  (about  No.  9  B.  &  S.  gauge)  and  remove  the  in- 
sulation.   Place  these  around  the  commutator  near  the  top  and  lower  ends  to  act  as  band 
wires,  and  twist  them  tifi(ht.   The  damp  may  then  be  removed ,  and  the  commutator  straight- 
ened.   Bring  out  the  mica  segments  even  with  the  surface  of  the  bars  by  holding  the  fin- 
gers against  the  inside  edge  of  the  segments  and  tapping  the  bars  on  the  outside  with  a 
small  mallet.    Place  a  square  or  steel  scale  on  the  face  plate  and  tap  the  bars  on  the  out- 
side with  a  small  mallet.    Place  the  square  of  sted  scale  on  the  face  plate  and  see  that  the 
bars  line  up  perpendicularly  with  one  edge  of  the  square.    If  they  do  not,  a  gentle  pressure 
one  way  or  tne  other  on  the  top  end  of  the  commutator  with  the  palm  of  the  band  will  bring 
them  in  line.    See  that  each  oar  and  segment  is  down  flat  against  the  surface  of  the  plate, 
unce  that  end  will  be  fastened  to  the  faoe  plate  on  the  lathe  facing  off  the  ends  of  the  bars. 
Tap  each  bar  and  segment  down  solid  with  a  square  ended  punch,  a  little  narrower  than 
the  thickness  of  the  ra.r.    When  this  has  been  done,  the  band  wires  can  be  drawn  a  Uttle 
tighter  and  the  surface  of  the  commutator,  where  the  clamp  will  fit,  should  be  filed  to  re- 
move any  protruding  mica,  and  present  a  smcKrth  surface  for  the  clamp.    Replace  each  sec- 
tion of  the  clamp  about  the  con^nutator  again  using  the  wooden  blocks  mentioned  before. 
Draw  the  clamp  tight,  being  sure  to  leave  the  same  amount  of  space  between  each  clamp 
section.    A  small  gas  burner,  or  some  other  source  of  heat  should  be  handy,  and  the  com- 
mutator placed  over  it  and  heated.    VThen  it  is  good  and  hot  to  the  hand,  tighten  the  clamp, 
allow  it  to  cool,  and  again  tighten. 
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Figs.  7,861  to  7,863. — ^Press  for  forcing  on  and  removing  a  commutator.  Small  commutators 
arepressedontotheshaft  by  ahandpress.  All  of  thelarger  commutators  are  pressed  on  by 
means  of  a  power  press.  In  the  above  figure  is  shown  a  hand  press.  The  plate  B,  is  used  in 
removing  old  commutators.  It  is  placed  back  of  the  commutator  as  at  x,y,  with  the  slot  C, 
over  the  shaft.  Bolts  a,b,  are  passed  through  the  holes  in  the  plate  and  secured  by  nuts. 
The  commutator  can  then  be  forced  off  the  shaft.  In  pressing  on  a  commutator,  a  sleeve 
is  placed  over  the  shaft  at  O,  and  against  the  commutator .^The  rear  end  <^  the  shaft  is 
secured  so  it  will  withstand  the  pressure,  and  the  commutator  is  forced  on.  The  power 
presses  are  built  on  the  principle  m.  a  hydntulic  i^ress.  In  pressing  on  a  commutator  a  pi^ 
of  babbit  metal  or  soft  brass  should  be  used  against  the  end  of  the  shaft.  The  shaft  should 
be  painted  with  white  lead  before  havin|[  the  commutator  pressed  on,  in  order  to  Inbn- 
Gate  the  shaft  so  that  the  commutator  wiU  press  on  easily.  The  wiper  rings  are  pressed 
on  after  the  commutator  and  then  the  armatiure  is  ready  to  be  connected. 
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Dissembling  Cioinmutator  for  Repairs. — If  a  btimed  com- 
mutator bar  or  mica  strip  are  to  be  removed  for  repairs,  unloosen 
clamping  ring  bolts  and  mark  ring  so  that  it  can  be  replaced  in 
the  same  position. 

Remove  clamping  ring  and  if  the  mica  ring  be  stuck  to  commutator  it 
should  be  heated  to  soften  the  shellac.  After  the  ring  is  taken  off  it  is 
easy  to  remove  any  of  the  bars.  In  replacing  a  bar  the  mica  segment 
should  be  put  in  first,  being  careful  to  nrst  see  that  there  is  no  dust  or 
solder  lodged  on  the  back  of  mica  ring. 

Tightening  a  Repaired  Commutator. — ^When  assembled 
put  on  clamp  ring  and  screw  up  bolts.  Bake  in  oven  to  drive  out 
the  shellac,  let  cool  and  again  take  up  on  ring  bolts. 

Repeat  operation  one  or  more  times  until  there  is  no  slack  in  the  bolts. 

B.  RE-CONNECTING  D.C. 

MACHINES 

Repairmen  are  frequently  called  upon  to  make  changes  in 
a  dynamo  or  motor  such  that  the  machine  can  be  operated  at  a 
different  voltage  or  speed,  and  sometimes  to  adopt  a  dynamo 
for  use  as  a  motor,  etc. 

Voltage  Changes. — In  making  changes  for  motors  or  dyna- 
mos to  operate  on  different  voltages  it  should  be  noted  that  the 
speed  of  a  motor  varies  directly  with  the  voltage. 

The  variation  of  voltage  affects  the  excitation  of  the  fields,  and  after 
saturation  is  reached  the  speed  only  approximatelv  varies  with  increase 
of  voltage.  Small  speed  changes  may  be  effected  by  changing  the  width 
of  the  air  gap. 

Changes  for  Half  Voltage  Operation. — ^Arrange  the  shunt 
field  coils  in  two  groups  and  connect  the  groups  in  parallel. 
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^itti  this  Eknungement  evidently  on  half  voltage  drcuit,  the  volt 
per  field  coil  will  be  the  same,  hence  the  flux  will  be  the  same  but 
speed  will  be  only  ha.U  what  it  was  before  the  changes  were  made. 
t^iag  speed  up  to  normal,  place  resistance  in  the  shunt  field  and  inert 
air  gap  as  mudi  us  possible.  The  foregoing  changes  reduce  the  horse 
power  one  half. 

Cbanges  for  Double  Voltage  Openitioo. — The  field  coils 
must  be  rewound  in  casewith  the  shunt  fields  in  series  the  Emallest 
air  gap  cannot  be  used.  Changing  for  double  voltage,  gives 
twice  the  horse  power. 

Armature  Wlndlnft  Changes  for  Voltage  Changes.— 


'^cs.  7.SM  uid  T,S4S.— A  SM  voh.  24  dot  la^  vindinK  and  method  ot  rccannectiaf  or 
rewudinffiortSOvoltt.  when  a  rf.^ .  aimature  is  to  be  rewound  or  fecrmoected  for  a  dunga 
in  ■va\ta^0%*iitiiiatti4tiiTntHitriiib^iiKt»llitbnulut,ynUtaryiUT»eUtatlkttolia^, 
and  Vf  eroa  seatonel  area  of  tlu  vlri  BfU  Hry  tnetntlf  at  llu  mllata.  To  ndnea  tba  *idt- 
ase  from  240  to  120  and  do  tha  nine  amount  of  mlc.  tvica  tha  cttmnt  will  ba  mtuind 
and  aoeotdiD^.  twica  the  aom  Kctioaal  area  of  wm.  The  windins  naj  be  lecon- 
fwcted  as  that  tiro  eoili  are  in  pttalM  and  bndga  the  commutator  bart  m  mu*  a<  in  11k. 
7,865,  or  the  marhine  may  be  mniund  witha  win  of  douhla  tha  cma  aaetkaial  ana. 
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An  armature  can  usually  be  adapted  to  a  lower  voltage  either  by 
reconnecting  or  by  rewinding. 

In  Dulons  chuign  it  Bhoolil  be  noted  that  the  Kctiinul  anaof  theifirsfartbacoiUud 
number  of  turns  in  imd  vurs'  invw»ely  M  the  old  to  the  now  voltaee.    In  detarminins  the 

'Speed  Changes. — By  adjusting  the  air  gap  of  a  motor  the 
speed  may  be  varied  from  10  to  15%.  To  increase  speed,  in- 
crease air  gap;  to  reduce  speed,  reduce  air  gap. 

Dynamo  Operated  as  Motor. — Give  backward  lead  to 
brushes  for  the  correct  rotation  c^  the  armature. 

Motor  Operated  as  Djnuuno. — ^Tbe  (shushes  should  be  given 
forward  lead  and  the  air  gap  reduced  to  a  minimum  for  equal,  or 


Tics.  7,868  »nd  7,8(17. — Duplex  tap  windim  for  120  volta,  and  method  rf  rtcoonoctmB  tor 
240  volti.  On  Bimsturea  hAvins  duplei  wmdinga  there,  us  umally  twic*  u  many  commu- 
tator bun  M  then  Hre  ilotA  And  each  of  the  two  wireait  coonected  to  upanta  tvTB.  Tbe 
bnuh  win  however  cover  at  least  1^^*^  i  ^"'  1'°  change  fmm  ISO  to  £10  vol' 
nsctthe  windiusao  that  adjacent  pain  of  coili  will  he  in  aerieaiu  in  fig,  7367  in 


puatlel  oi  ia  fig.  7,866,  and  reduce  width  o(  biu^iet  to  that  of  one  commuUtot  bar. 
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higher  voltage,  but  for  lower  voltage  the  same  air  gap  can  usually 
be  used. 

Wrong  Field  Connections. — Sometimes  due  to  error  in  the 
shop  a  new  motor  may  have  one  or  more  magnets  reversed, 
resulting  in  Uttle  or  no  torque.  Trace  out  connections  or  test 
polarity  of  magnets  by  means  of  a  compass. 


large: 

AIR  OAP^ 


HIGH     SPEED 


LOW    SPEED 


Figs.  7,868  and  7,889.— Method  ai  changing  the  9peed  of  a  motor  by  adjusting  the  air  gaps. 
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Pics.  7370  and  7,871. — ^Machine  operated  as  dynamo  and  as  motor.  When  the  machine  is 
operated  as  ^namo  the  brushes  should  be  given  forivard  (positive)  kad^  and  when  oper- 
ated as  a  motor,  backward  (negative)  lead. 
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Wrong  Rotation. — In  the  case  of  a  motor  the  direction  may 
be  changed  by  reversing  the  field  connections. 

If  the  field  of  a  dynamo  be  reversed  to  change  rotation,  the  magnetism 
induced  by  the  winding  will  oppose  the  residual  xnasnstism  and  the  madiine 
may  not  build  up.  Instead  of  reversing  the  field,  reverse  the  armature 
leads.  A  multipolar  machine  can  be  reversed  by  reversing  the  brushes  on 
the'studs  and  then  relocating  them. 

» 

C.  JteconnecUng  A.  C. 

Machines 

•  ■  '- 

Induction  Motors.— -Changes  in  voltage  alone  are  the  easiest 
to  make,  but  phase  changes  are  seldom  advisable. 

In  mal^ng  changes  the  repair  man  should  first  examine  the  winding  and 
note  throw  and  connection  of  coils,  niunber  of  turns  in  coil,  size  of  wire, 
etcc,  so  thal^  he  can  get  an  idea  of  the  possibilities  of  the  machine. 

Voltage  Changes. — Nearly  all  commercial  motors  are  ar- 
ranged so  that  they  can  be  reconnected  for  two  voltages. 

To  make  these  changes,  the  polar  groups  are'connected  in  series  for  the 
higher  voltage  and  in  parallel  for  the  lower  voltage. 

In  changing  to  higher  voltages  it  should  be  noted  that  motors  as  manu- 
factured are  provid^  with  insulation  good  for  500  volts  or  for  2,500  volts. 
The  capacity  of  ther  insulation  should  accordingly  be  considered  and  no 
change  be  made  beyond  the  capacity  of  the  insulation. 

Frequency  Changes. — For  the  same  number  of  poles  a 
change  in  f re^juency  will  cause  the  speed  to  vary  directly  as  the 
frequency. 

In  order  to  maintain  the  speed  constant  in  making  a  frequency  change, 
the  voltage  on  the  motor  should  be  varied  in  the  same  proportion  as  the 
frequency  is  changed. 

Phase  Changes. — The  change  most  frequently  desired  is 
from  two  to  three  phases,  or  from  three  to  two  phases. 
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For  the  same  voltage  there  should  be  about  25%  more  total  turns  in  a 
two  phase  winding  than  in  a  three  phase  winding,  hence,  unless  the  voltage 
be  reduced  a  three  phase  motor  connected  for  two  phase  will  overheat. 

A  two  phase  motor  has  too  many  coils  for  three  phase  operation,  hence, 
in  this  case,  about  Vs  of  the  total  coils  mi^ht  be  dead  ended  to  secure 
the  proper  voltage  on  the  other  coils.  In  domg  this  the  dead  coils  should 
be  distributed  as  symmetrically  as^ possible. 

Reversing  Polyphase  Induction  Motors.— For  a  two  phase 
four  wire  machine,  interchange  the  connecticHis  of  the  two  leads 
on  either  phase. 

For  a  two  phase  three  wire  motor,  interchange  the  two  outside  leads. 
For  a  three  phase  machine,  interchange  the  connections  of  any  two 
leads. 

Method  of  Soldering  Wires  to  Lugs. — The  Code  requires 
that  all  stranded  wire  above  No .  8  B .  &  S .  gauge  shall  be  soldered 
to  all  terminal  lugs  or  terminal  connectors.  The  following  is  the 
approved  method: 

First  coat  the  lug  with  laundry  soap;  this  is  to  prevent  sturplus  solder 
sticking  to  outside  surface  of  lug,  makmg  an  unsightly  job.  Next,  fill  lug 
with  soldering  paste,  and  hola  lug  in  name  of  a  gasoline  torch,  when 
soldering  paste  oegins  to  bubble,  put  a  little  solder  in  the  lug;  this  will 
melt  very  easily  as  the  lug  is  now  heated  to  the  proper  temperature. 

Skin  or  remove  insulation  of  wire,  and  clean  same  with  file  tmtil  it 
shows  the  copper  to  be  bright.  Coat  end  of  wire  with  paste  in  fiame  of 
torch;  when  paste  bubbles,  insert  wire  into  lug,  which  contains  melted 
solder,  remove  flame  of  torch  from  lug  and  do  not.mQve  the  arms  xmtil 
the  solder  has  set;  a  quick  method  is  to  apply  wet  I'^-gto  lug  to  cool  solder. 
Now,  take  pliers  and  trv  to  twist  off  lug  from  wire.  This  is  a  test  to  prove 
if  wire  be  securely  soldered  to  lug.  If  lug  come  off  wire,  this  indicates 
that  it  has  not  been  properly  soldered.  rJezt  dean  off  soap  and  polish 
lug;  tape  up  any  bare  spaces  on  wire. 

The  following  points  should  be  remembered: 

Use  plenty  of  paste. 

"Wire  to  be  soldered  must  be  as  hot  as  the  solder. 
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Wire  and  interior  of  lug  must  at  all  times  be  clean. 

Do  not  use  cutting  pliers  to  hold  lug  in  flame  as  this  softens  the  cutters 
and  thereby  ruins  the  pliers. 

Use  a  good  solder  having  a  good  combination  of  lead  and  tin;  50-50  recom- 
mended or  60-40  is  the  standard  for  electrical  work. 

If  solder  do  not  hold  in  lug,  this  is  due  to  poor  solder,  dirt  in  lug — dirty 
wire.  Remedy:  fill  lug  with  paste  melt  solder  in  lug,  dump  out  solder, 
then  repeat  as  describe  and  it  will  be  found  that  the  lug  will  hold. 

TROUBLES 

Failure  to  Excite. — In  starting  a  dynamo  it  should  be  remem- 
bered that  shunt  and  compound  machines  reqxiire  an  appreciable 
time  to  build  up,  hence,  it  is  best  not  to  be  too  hasty  in  hunting 
for  faults. 


Pig.  7.872. — Method  of  locating  short  circuited  armature  coil.  Connect  apparatus  as  shown: 
pass  20  to  100  amperes  from  a  battery  or  another  dynamo.  Now  haviiur  previously  well 
cleaned  commutator,  measure  voltage  between  adjacent  s^^ment  all  around.  A  zero^reading 
will  indicate  a  i^ort  circuit,  which  may  be  permanent  or  intermittent;  when  intermittent  it 
may  be  carried  by  wire  coming  into  contact  due  to  centrifugal  force  developed  while  armature 
is  rotating. 

The  principal  causes  which  prevent  a  dynamo  building  up  are: 

1.  Brushes  not  properly  adjusted; 

2.  Defective  contacts; 

3.  Incorrect  adjustment  of  regulators; 
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PlG.T.STS.—neld  coil  to^S  with  tdephonencdrcr.    In  tb*  method  here  ilKiwn,  ■  — , 

nceiver  u  cfmnecud  is  Mriu  with  tm  BnnmctiicanT jiIbcwI  coili  A  ux)  B.  Very  bttk 
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4*  Speed  too  low; 
3.  Instifficient     residual 
magnetism; 

6.  Open  circuits; 

7.  Short  circuits; 

a.  In  external  circuits; 

b.  In  dynamo. 

8.  Wrong  connections; 

9.  Reversed   field   mag- 

netism 


Pig.  7,876.— Method  of  locating  short  circuits  between  adjacent  aimature  coils.  Excite  fi^ 
with  coils  in  parallel.  It  will  now  require  considerable  force  to  rotate  the  annatiu*.  and  then 
it  ^win  move  quite  slowly,  except  at  one  position.  .When  this.position  haa  been  found,  marlc 
the  atxnatui*  at  points  m  the  center  of  the.pole  pieces  at  pointe  A  and  B  and  at  both  ends 
of  the  armature.^The  "cross"  or  "short"  circuit  is  nearly  always  found  on  the  commutator 
end  in  the  last  half  of  the  winding,  where  the  wires  pass  down  through  tte  first  half  ter- 
minals. This  applies  to  an  unequal  winding.  In  armatures  where  the  windings  are  equal, 
it  is  as  liable  to  occur  at  one  i)oint  as  at  another. 


Armature   Faults. — 

The  chief  mishaps  to 
which  armatures  are  sub- 
ject are  : 

1.  Short  circuits: 

In  individual  coils;  between 
adjacent  coils;  through 
frame  or  core;  between  sec- 
tions of  armature;  partial 
short  circuits 

2.  Grounds; 

3 .  Breaks  in  armature  circuit. 
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Fig.  7,877. — ^Alternate  bar  test  for  short  circuit  between  sections.  Where  two  adjacent  com* 
mutator  bars  are  in  contact,  or  a  coil  between  two  segments  becomes  short  circuited,  the 
bar  to  bar  test  described  in  fig.  7,875  will  detect  the  fault  by  the  tel«>hQne  receiver  xemaxning 
silent.  If  a  short  circuit  be  found,  receiver  leads  should  stiaddle  three  commutator  ban  as 
shown.  The  normal  click  will  then  be  twice  that  between  two  segments  until  the  faulty 
coils  are  reached,  when  the  clicking  will  be  less.  When  this  happens,  test  each  ooil  for  trouUe 
and,  if  individually  thev  be  all  right,  the  trouble  is  between  the  two.  To  test  for  a  ground, 
place  one  terminal  of  the  receiver  on  the  sh^t  or  frame  of  the  machine,  and  the  other  on 
the  commutator.  If  there  be  a  click,  it  indicates  a  groxmd.  Move  the  terminal  about  the 
commutator  until  the  least  clicking  is  heard  and  at  or  near  that  point  will  be  fotind  the 
contact.    Grounds  in  field  coils  can  be  located  in  the  same  manner. 
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Commutator 
Troubles.— In  badly 
designed  or  construct- 
ed dynamos,  sparking 
occurs  at  all  positions , 
no  matter  where  the 
brushes  are  placed, 
and  in  such  dynamos 
it  is  therefore  impos- 
sible to  prevent  this 
no  matter  how  well 
they  are  adjusted. 


FlO.  7,878. — Method  of  locating  short  cfrcuit  between  coils 
through  armature  coil.  Connect  as  shown,  then  connect 
free  terminal  of  galvanometer  to  shaft .  If  then  some  por- 
tion of  the  wire  insulation  be  abcaided  or  destroyed,  as 
at  A,  the  galvanometer  needle  will  be  deflected. 


Sparks  due  to  bad  adjustment  of  brushes  are  generally  of  a  bluish  color; 
when  produced  by  dirty  or  neglected  state  of  commutator,  the  color  is 
reddish  and  there  is  a  spluttering  or  hissing  sound.  The  chief  causes  of 
sparks  are: 


1.  Bad  adjustment  of  brushes: 
2«  Bad  condition  of  brushes; 


8.  Bad  condition  of  commutator; 
4.  Overload  of  dynamo; 

5.  Loose  connections, 

terminals,  etc.; 

6.  Breaks  in  armature 
^.  circuit; 

7.  Short  circuits  in 
armature  circuit; 

8.  Short  circuits  or 
breaks  in  field 
magnet  circuit. 

Heating.— When 

the  machine  heats,  a 
common  mistake  is  to 
suppose  that  any  part 
f  otmd  to  be  hot  is  the 
seat  of  the  trouble. 


FzG.  7«879.— Iblethod  of  testing  for  breaks.  Connect  as  shown.  Galvanometer  deflection  indi- 
cates, that  wire  of  coil  S,  being  tested  is  unbroken.  No  deflection  indicates  a  break  or  faulty 
terminal  connection. 


J 
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Hot  hearings 
may  cause  the 
armature  or  com- 
mutator to  heat, 
or  vice  versa.  All 
parts  of  the  ma- 
chine should  be 
tested  to  ascertain 
which  is  the  hot- 
test ,  since  heat  gen- 
erated in  one  part 
is  rapidly  diffused. 
This  is  best  done 


Fig.  7,880.— Method  of  locating  grounded  annatore  coil.  Connect  as  shown;  assume  a  steady 
current  to  be  flowing  from  battery  through  the  armature:  touch  the  commutator  with  brush 
3«  and  a  current  wm  flow  through  the  galvanometer.  Slowly  rotate  the  armature  or  the 
brush  3*  until  the  galvanometer  shows  no  deflection.  The  coil  in  contact  with  3»  will  be  found 
to  be  grounded,  A  rheostat  may  be  inserted  in  series  with  the  battery  or  dynamo  circuit  to 
regulate  the  stmigth  of  the  current  passing. 


Pigs.  7,881  to  7,883. — Brushes  making  ba^  contact.  A  brush  making  a  bad  contact,  as  only  at 
'  ~  the  shaded  portion  of  figs.  7,881  ana  7,^2,  will  not  allow  the  short  circuited  coil  enough  time 
to  reverse,  catisin^  si)arking  ^nd  heating.  The  latter  will  also  result  from  bad  contact  on 
account  ot  the  surf  ace  being  too  small  for  tim  current  to  be  carried  off.  This  form  of  bad 
contact  is  worse  than  that  shown  in  fig,  7,883,  where  the  area  of  conV^  surface  only  is 
lessened.    If  the  brushes  do  nqt  iwdBe  good  contact,  they  should  be  ground  down. 


Pig.  7.884. — ^Rough  and  grooved  coiBttiutator  due  to  improper  brush  adjustment  and  failure  to 
ke^  brushes  in  proper  condition. 

Fig,  7,885. — Sandpaper  block.  It  is  made  to  fit  the  surface  of  the  commutator.  At  S,  is  a  saw 
cut  into  which  the  ends  are  pushed  after  being  wrapped  around  the  block.  The  latter 
should  be  cut  down  on  the  dotted  lines  to  £onn  a  handle.  The  dotted  line  extending  to  B, 
indicates  the  portion  of  the  block  cut  away  to  afiord  a  good  grip .    C.  commutator* 
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startii^  with  the  machine  cold;  any  serious  trouble  fxom 
itii^  isusually  percep  tible  after  a  run  of  a  few  minutes  at 
1  speed  with  the  field  maKaets  excited. 

Heating  ma^  be  due  to  various  electrical  or  mechanical  causes, 
d  it  may  occur  in  the  different  parts  of  the  machine,  as  in: 

1.  The  connections; 

2.  The  brushea  and  commutator: 

3.  Theaimature; 
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1.  Split  Phase  Motor  Troubles 

Speed  Too  Low. — This  may  be  due  to  any  of  the  following 
causes,  which  may  be  corrected  by  the  remedies  given - 

1.  Wxx)ng  voltage  and  frequency. 

2.  Overload  reduce  law  pn  motor,,  replace  with  a  larger  motor  is 
necessary. 

3.  Grounded  starting  and  funning  wuidiAgs.    Test  out* with  magneto 
lamp  bell  or  voltmeter. 

4.  Short  circuited  or  open  winding  in  field  ctirrent.    Test  out  as  above. 

5.  Too  small  connection  wires^    Increase  size  of  wires. 

Faulty  Starting. — Motor  starts,  runs  slowly,  will  not  pickup 
to  normal  full  load  speed,  and  blows  fuses,  due  to: 

1.  Failure  of  cut  out  to  work  i>roperiy.    Test  out  cut  out  for  grounds 
or  short  circuit.    Oil  pivots  and  springs^  sand  paper  rough  ^>ots. 

2.  Grounded  plate,  test  with  lamp  or  ns^agneto,  one  wire  to  each  slip 
ring  or  contact  plate. 

3.  Open  circuit  in  starting  or  running  winding. 
Test  out  with  magneto  or  lamp. 

4.  Grotmded  or  short  circuited  starting  or  nmning  winding. 
Test  out  with  magneto,  Bell  and  battery  or  voltmeter. 

Motor  Fails  to  Start. — This  fault  is  sometimes  encountered. 
In  such  cases 

1.  Test  line  voltage  with  lamp. 

2.  Test  fuses  with  lamp. 

3.  Trace  out  all  connections  fof  groimds,  open  or  short  circuit. 

4.  See  if  brushes  be  making  proper  contact  with   collector  rings  or 
contact  plates. 

5.  See  that  rotor  is  free  to  rotate  in  bearings. 
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Motor  Fails  to  Start  and  Hums  Loudly. — This  may  be 
dtfe  to  the  starting  winding  being  burnt  ottt,  open,  or  grounded. 

If  motor  hum,  this  indicates  that  the  main  or  running  winding  is  not 
open;  the  motor  may  be  started  by  rotating  the  armature  by  hand  until 
it  reaches  its  normal  rated  speed. 

Sparking  At  the  Brushes. — ^As  the  brushes  of  spHt  phase 
motors  are  only  used  in  starting,  sparking  may  be  due  only  to 
worn  and  loose  brushes,  or  dirty  slip  rings. 

Clean  slip  rings  with  a  benzine  soaked  rag.  Apply  a  little  vaseline  with 
the  finger  to  eadfi  slip  ring  to  prevent  cutting  by  the  bruises. 

Heating  of  the  Windings.— This  may  be  due  to  any  of  the 
following  causes: 

1.  Moisture  in  windings.    Dry  out  in  an  oven. 

2.  Short  circuit  or  ground.  Test  out  with  magneto,  lamp,  bell  or 
voltmeter. 

3.  Overload.    Reduce  load  or  install  a  larger  motor. 

4.  Too  low  line  voltage.     Check  up  with  voltmeter. 

5.  Too  high  line  voltage.  Any  voltage  in  excess  of  5%  on  220  volts, 
10%  on  110  volts  should  be  reduced  at  this  will  cause  the  windings  to  hum 
out. 

6.  Wrong  frequencv.  A  40-cycle  motor  cannot  be  used  on  60  cycle 
current  as  the  rotor  will  sot  revoh^  in  syndmmism  with  the  alternator. 

7.  Wrong  voltage  connections  t^  motor. 

8.  Connection  wires  too  small.    This  will  cause  a  voltage  drop. 

Heating  of  the  Rotor. — This  is  usually  caused  by  overloading 
the  motor  or  by  broken  soldered  connections  of  end  bars .  Reduo*» 
load  or  solder  broken  connections. 
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2.  Fractional  Horse 
Power  Motor  Troubles 

Motor  Fails  to  Start. — Be  sure  that  the  wires  connected  to 
the  motor  terminals  make  good  contact;  that  each  of  the  brushes 
of  the  motor  makes  perfect  contact  with  the  commutator;  that 
the  connected  load  is  not  too  great  for  the  size  of  motor  used. 

Motor  Hums  Loudly  and  Refuses  to  Start. — ^The  fatdt 
may  be  due  to 

1.  Short  circuited  field  windings. 

2.  Grounded  connections,  or  cut  but  switch. 

Test  out  individual  windings  with  volt  meter,  holding  one  wire  to  frame,  the  other  to  each 
lead  of  field  windings. 

Test  out  cut  out  switch  with  magneto,  one  wire  to  shaft  the  other  to  each  half  of  cut  out 
plates. 

Motor  Runs  Too  Sloi?v. — ^This  fault  may  be  due  to 

1.  Burnt  out,  short  circuited,  or  grounded  winding, 

2.  Grounded  cut  out  switch. 

3.  Cut  out  switch  refuses  to  short  circuit  itself. 

This  may  be  due  to  corroded  springs,  dirty  plates,  dirt  in  springs  and  pivots. 

Care  of  Gompensatws. — ^These  should  be  inspected  once  a 
year  and  the  oil  changed.  Use  only  oil  as  furnished  with  the 
compensator  by  the  manufacturer,  as  this  has  been  found  to 
give  the  best  results;  any  other  grades  of  oil  will  cause  a  lot  of 
unnecessary  trouble. 

If  the  contact  fingers  on  the  switch  of  the  compensator  be  8c<Mi;ched  or 
burnt  they  should  be  smoothed  with  a  piece  of  sand  paper,  if  they  be  too 
far  burnt  or  worn,  they  should  be  replaced  with  new  ones. 
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Tighten  all  springs  on  switch  and  no  voltage  release,  so  that  contact 
fingers  press  firmly  on  all  contact. 

Oil  all  exterior  moving  parts  of  switch  handle,  also  the  no  voltage  release. 

Grounding  of  Compensators. — ^The  cases  of  all  compensa- 
tors should  be  grounded  especially  when  installed  on  high  vqltage 
circuits,  to  insure  safety  to  the  operator  if  for  any  reason  the 
current  carrying  parts  should  accidentally  come  in  contact  with 
the  case. 

A  good  contact  is  obtained  by  securing  the  grotmd  wire  tmder  a  screw 
or  bolt  on  the  compensator. 

The  grotmd  wire  shotUd  be  run  to  a  water  pipe  as  required  in  the  Code, 


3.  Compensator  Troubles 

Motor  Fails  to  Start. — If  the  fuses  and  motor  be  in  good 
condition,  examine  all  contacts  and  see  if  contact  fingers  make 
contact. 

Press  with  a  screw  driver  all  contacts  and  see  if  motor  start.  Trace 
out  all  leads  from  terminal  block  to  contacts.  Examine  all  transformer 
taps.  In  case  of  a  bum  out  on  one  coil  of  a  three  phase  compensator  the 
coil  may  be  cut  out  by  a  slight  change  in  connections  and  the  compensator 
used  temporarily  tmtu  a  new  set  of  coils  can  be  obtained. 

Compensator  Hums. — ^This  is  due  to  an  improper  sealing 
Surface  of  the  no  voltage  release  or  loose  laminations  of  the  sole- 
noid or  transformer. 

Tighten  all  screws  on  the  no  voltage  release  solenoid  plunger  and  no 
volt^e  coil,  also  tighten  screws  on  transformer. 

No  Voltage  Release  Fails. — If  the  voltage  release  fail  to  hold 
switch  in  running  position,  the  fault  may  be  due  to: 
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1.  Bttmt  out  no  voltage  ooil. 

Test  with  a  magneto. 

2.  Wrong  connections. 

8.  Latch  of  no  voltage  release  stuck. 

This  may  be  due  to  dirt  or  foreign  object.  Remove  eame. 

4.  Overload  relay  plunger  stuck. 

Thia  causes  an  open  circuit  in  the  no  voltage  release  circuit.   ImqMCt  all  n^ys.sad 
try  moving  by  hand,  and  note  if  they  make  contact. 
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CHAPTER  124 

Power  Stations 

There  are  three  general  classes  of  power  stations: 
1.  Central  stations.     2.  Sub-stations.     3.  Isolated  stations, 
and  these  may  be  classed: 

1.  With  respect  to  their  function,  as 
a.  Generating  stations,   b.  Distributing  stations,  c.  Connrting  staticns. 


Pic.  TJI88. — Biunplc  ol  central  italion  looted  mnot*  from  tfaa  diitributiiig  center  and  fm- 
nlihing  altsmBtinc  current  at  bigb  pnuure  to  a  wb-itition  when  the  nimot  ia  paued 
thrDuffh  atep  down  traaiFormen  and  auplied  at  moderate  pmiare  to  the  distribution  lyitem. 
tba  nibitalioa  '""'*'"'  alio  coovcnen  (upplytog  direct  cuitcnC  for  batteir 


2.  With  respect  to  the  form  of  power  used  to  generate  the 
current,  as 

a.  Steam  electric.  b.  Hydro-electric  c.  Gas  electric. 

3.  With  respect  to  the  kind  of  current  generated,  as 

a.  Direct.  b.  Alternating.  e.  Direct  and  alternating 
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Location  of  Central  Sta- 
tions. —  Usiially  they  are 
located  so  that  the  average 
line  drop  is  a  TninimnTn  this  1 
point  of  location  being  called  { 
the  center  erf  gravity  of  the 
system.  ■■  I 

^  practice  this  is  rardjr  tbe 
best  location  because  the  price  d  ' 
land,  difSculty  of  obtaining  walCT. 
faolities  for  delivery  of  coal  and 
removal  of  adies,  etc. ,  may  more 
than  trffeet  the  minimum  Hm 
losses  and  copper  cost  due  to 
locating  the  station  at  the  centtr 
(rf  gravity  of  the  system.  That 
should  be  room  for  future  estts- 
sioa  of  the  plant. 

Choice  of  System. — The 

chief  considerations  in  the 
design  of  a  central  station  are 
economy  and  capacity. 

■  When  the  current  has  to  be 
transmitted  long  distances  for 
either  lighting  or  po'wer  purpose, 
economy  is  attaiiia.ble  cmly  bv 
reducing  the  weight  of  the  coppff 
conductors.  This  can  be  accooi- 
plished  only  fay  the  use  of  thehiglt 
volt^e  currents  obtainable  fnxn 
alternators. 


Again ,  where  the  o 
located  within  a.  radius  of  ti 
miles  from  the  central  statim, 
thereby  requiring  a  trananisaai 
voltage  of  550  volts  or  tes, 
dynamos  may-  be  employed  witli 
greater  ecooocnv. 
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Alternating  current  possesses  serious  disadvantages  for  certain  important 
applications. 

For  instance,  in  operating  electric  railways  and  for  lighting  it  is  often 
necessary  to  transmit  direct  current  at  500  volts  a  distance  of  five  or  ten 
miles.  In  such  cases,  the  excessive  drop  cannot  be  economically  reduced 
by  increasing  the  sizes  of  the  line  wire,  while  a  sufficient  increase  of  the 
voltage  would  cause  serious  variations  under  changes  of  load.  Hence,  it  is 
common  practice  to  employ  some  form  of  auxiliiuy  dynamo  or  booster, 
whicb  when  connected  in  series  with  the  feeder,  automatically  maintains 
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Fig.  7,802.— Floor  plan  of  station  having  belted  drive  with  countershaft  A,  engine  and  dynamo 
ttm;  B,  boiler  room;  C,  office;  D,  store  room;  E,  chimney  connected  with  the  boilers  by  flue 
W;S,S,  boilers;  V,  V,  steam  pipes:  M,  M,  engine;  O,  countershaft;  T,T,T,T,  q^erators; 
H,  switch  board.  A  imlley  may  be  mounted  on  the  cotmteishaft  O,  with  a  friction  clutch, 
A  jaw  clutch  may  also  be  provided  at  Z,  thus  permitting  the  shaft  ,0,  to  be  divided  into 
two  sections.  It  la  therefore  possible  by  this  arrangement  to  cause  either  of  the  engines  to 
drive  any  one  of  the  generators,  or  all  of  them,  or  both  of  the  engines  to  drive-  all  of  the 
generators  simultaneously. 

Fig.  7,893.^Plan  of  electrical  station  with  belt  drive  without  coimter  shaft.  The  installation 
here  represented  consists  of  two  boilers,  S,  etc.,  and  three  sets  of  engines  and  generators, 
T,  M,  etc.  Sufficient  allowance  has  been  made  in  the  plans,  however,  for  future  increase 
of  business,  as  additional  space  has  been  provided  for  an  extra  engine  and  generator  set,  as 
indicated  by  the  dotted  lines.    Other  reference  letters  are  the  same  as  in  fig.  7,892. 

the  required  pressure  in  the  most  remote  districts  so  long  as  the  main 
dynamos  continue  to  furnish  the  normal  or  working  voltage. 


The  advantage  of  a  direct  current  installation  in  such  cases  over  a  similar 
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plant  supplymg  alternating  current  line  is  the  fact  that  a  storage  battery 
TOky  be  used  in  connection  with  the  former  for  taking  up  the  fluctuations  of 
-^'-  -  ^  '^^voKiT  *ui«««<4-4-;*^<v +ha  ffiTnimn  *-"  ">n  witli  A  Icss  variablo  lo&d , 

Sixe  of  Plant. — Before  any  definite  calculation  can  be  made, 
or  plans  drawn,  the  engineer  must  determine  the  probable  load. 


t  electrical  ititioa  containing  dinet  connected  uf 


Pn:.?,^      

Svided  for  an  extra  boiler  and  «!>«■■'*  — <»  b^.«^.».  -w^.  .» ..«.'«.».  ^^  — .  ~^.»^  .^». 
ce  also  eiisti  for  a  ttorags  battery  roon  it  oecenarv,  and  the  partition  dividiny  thii 
room  from  the  angina  and  dynamo  room  i>  Ehown  by  B  dotted  line*. 
Fig.  T.SSS.—SectJonBl  elevation  of  one  of  ths  8,000  hone  power  vertical  Pelton-Pi 
diisctly  CODDKteil  to  genera  tor,  ai  installed  for  the  SchenecUdy  Power  Co. 


that  portion  for  which  electrical  eoer^  is 


e  suf^jlied.    The  probable 


General  Amingenient. — In  designing  an  electrical  station, 
it  is  preferable  that  whatever  rooms  or  divisions  of  the  interior 
space  are  desired  should  determine  the  total  outside  dimensions 
of  the  plant  in  the  original  plans  of  the  building  than  that  these 
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latter  dimensions  be  fixed  and  the  rooms,  etc.,  be  fitted  in 
afterward. 

The  Clones  and  generators  wll  occupy  the  majority  of  the  space,  and 
these  are  usually  placed  in  one  lar^e  room;  in  some  stations,  however,  they 
are  located  respectively  in  two  adjacent  rooms.  The  boilers  are  generally 
located  in  a  room  apart  from  the  engines  and  generators. 


T,SS5. — Triamph  dyouno  nt  with  upright  lUdc  vslve  eneine. 

T.8M. — Mnmy  altemfllina  current  direct  connected  unit  with  high  speed  Cotlisier 
d  belt  driven  ttdtet,  GO,  7&  and  100  *m.  alternator  and  ISO  r.f.m.  cnEine.. 


In  general, the  boilers 
shoula  be  near  the  engines  to 
avoid  Iciss  of  heat  and  pressure 
drop  in  steam  pipe,  and  the 
condensers  should  be  near  the 
engines  (especially  in  case  of 
turbines)  toavoid excess  back 
pressure.  The  location  of 
engines  and  boilers,  and  de- 
tails of  station  construction 
are  given  in  Chapter  39  on 
Installation, 


FlC.  7,897.— Plan  of  smill  mb-station  with  rinrie  phase  oil  insulated  lelt-coolinB  tianitormet* 
■nd  bund  oparatcd  oU  »witche«  11.000  or  13,200  volts,  overhead  high  tension  hoes. 

Isolated  Plants.— The  average  type  of  isolated  plant  has 
enlarged  from  a  small  dynamo  driven  by  a  little  slide  valve  engine 
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located  in  an  out  of  the  way  comer  to  direct  connected  generators 
and  engines  of  hundreds  and  even  thousands  of  horse  power 
assembled  in  a  large  room  specially  adapted  to  the  purpose. 

Sub-Stations. — ^As  usually  defined,  a  sub-station  is  a  building 
provided  with  apparatus  for  changing  high  pressure  a.c.  received 
from  the  central  station  into  d.c.  of  the  requisite  pressure,  which 
in  the  case  of  railways  is  560  to  600  volt3. 


Fig.  7,S9S.— Buclieye-mnfaile,  or  e«lf-i»DCamcd  i 

R'nt.  boiler,  superheater,  reheater,  feed  snd  air 
s.  of  coal.    Built  in  sizes  from  7S  to  600  hon 

Fig.  7,809.— WestioBhouse  three  cylindtr  ras  enS 
application  of  gaa  eneiiie  dnve  for  small  direct  cc 

Where  traffic  is  heavy  and  the  railway  system  of  considerable  distance, 
sub-stations  are  provided  at 
intervals  along  the  line,  each 
receiving  high  pressure  cur- 
rent from  one  lar^  central 
station  and  convertrng  it  into 
moderate  pressure  a.c.  for 
their  districts. 


or  tnuuformer  type)  sub-atAtion ,  tn  rallwag  ttrvica,  dinct 
any  point  on  the  system  where  there  la  t]«ck  at  the  hii^  pres- 
t  can  be  made  available  ver>^  quickly  as  ita  pmduction  involves 
sub-station,  and  its  connections  to  the  hiieh  preasure  line. 
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CHAPTER  126 

Management 

Broadly,  the  term  management  embraces:  1,  selection;  2^ 
location;  3,  erection;  4,  testing;  5,  running;  6,  care,  and  7, 
repair. 

The  designer  of  the  plant,  specifies  or  '^selects"  the  machines.     Ani 


Pig.  7,901. — Method  of  moving  armature  to  prevent  injury  to  commutator  or  winding. 

erector  shottld  install  them,  but  tisually  this  job  is  left  to  the  man  in  charge 
who  in  most  smaU  and  meditmi  size  plants  is  the  chief  steam  engineer,  who 
also  must  run,  care  for  and  repair  the  machines. 

Selection.-r-To  properly  select  a  machine,  such  items  as 
1,  tjrpe;  2,  capacity;  3,  efficiency,  and  4,  constructlbn,  should 
be  considered; 

The  type  depends  on  the  system  in  use. 
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In  a.c.  constant  pressure  transmission  circuits,  average  volt^e  is  2,200 
with  transfonner  ratios  of  Via  and  >/»•  Standard  frequencies  are  25 
and  60. 

In  fixins  the  capacity  of  a  machine,  careful  ctmaderaUon  should  be  gtpai 
to  Ih*  eondilums  of  optration  both  present  and  tuturm  in  order  that  tlie 
resultant  efficiency  may  be  TnaTp'Tn^^tt^, 

Installation. — Small  parts  may  readily  be  placed  in  position, 
either  by  hand,  by  erecting  temporary  supports  which  may  be 
moved  from  place  to  place  as  desired,  or  by  rollii^  the  parts  along 
on  the  floor  upon  a  piece  of  iron  pipe. 


Large  and  heavy  ports  necessitate  the  t 


!  of  a  crane.    Special  care 


xl " 


. kdiiutiiie  link  al 

ol  least  starting  torque  aik^  i 

loadi.    Tva  at  tltrtt  pkast  T. ^,  -, .. 

the  leula  marked  XX.    The  single  phaw  « 


itartcd  DDipIy  br  clonng  U 


Pio.  7.900.— Tandet 
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Synchronizing. — ^When  it  becomes  necessary  to  run  more 
than  one  alternator  to  carry  the  load,  before  they  can  be  con- 
nected in  parallel  they  must  be  synchronized]  that  is,  the  alternating 
cycles  must  be  in  step  with  each  other,  otherwise  one  machine  will 
be  short  circuited  through  the  other  and  serious  results  will  follow. 

In  other  words  the  speed,  phase  and  voltage  of  each  machine  must  be 
the  same  before  connecting  in  parallel.  Synchronizing  is  accomplished  in 
several  ways,  as  by  dark,  and  brilliant  lamp  methods. 


I      BUS  BARS 


T 


SYNCHRONIZING 
LAMP 


^    MAIN 
SWITCHES 


Alternators 


ALTERNATORS 


Pig,  7,910. — Synchronizinsr  one  dark  lamp  method.  Assuming  A,  to  be  in  operation,  B ,  may  be 
brought  up  to  approximately  the  propter  speed,  and  voltage.  Then  if  B,  be  run  a  btUe 
slower  or  faster  than  A,  the  synchronizing  lami>  will  glow  for  one  moment  and  be  dark  the 
next.  When  the  lamp  remains  dark  the  machines  are  in  synchronism  and  switch  may  be 
thrown  in. 

Fig,  7,911. — Synchronizing  two  dark  lamp  method.  When  the  machines  are  in  phase  there 
will  be  no  difference  of  pressure  between  the  left  hand  terminals  or  between  the  rt^t  hand 
terminals  of  the  two  machines.  Hence,  if  the  synchronizing  lamps  be  connected  as  shown, 
both  will  be  dark,  and  the  switch  may  be  thrown  in  connecting  the  machines  in  parallel. 


Cutting  Out  Alternator. — ^To  properly  cut  out  an  alternator: 
1,  reduce  driving  power  until  load  has  been  transferred  to  the 
other  alternators,  adjusting  field  rheostats  to  obtain  minimtun 
current;  2,  open  main  switch;  3,  open  field  switch.  Never  open 
field  switch  before  main  switch. 
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Transformers. — The  Jdnd  of  efficiency  of  transformers  the 
station  master  is  interested  in  is  the  all  day  efficiency*. 

Mineral  oil  is  used  in  oil  cooled  transformers.  It  must  be  free  fr«m  mois- 
ture. To  test,  thrust  a.  red  hot  iron  rod  in  the  oil;  if  it  "crackle,  moisture 
is  present.    The  presence  of  moisture  reduces  the  insulation  value  of  tlie  oil. 


It  knip.    When  the  vol 
j._i_    ---*  13  thophasaQineirncei 
n  they  glow  with 


■NOTE.— ^(1  daw  rfHeteiK^.  This 
denotes  the  percentage  that  the  amotmt  of  ene 
ntfUed  (•  Ml  Inuufatma  datint  34  hour 


ai4uaily  iu#d  by  the  at 
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Motor  Generators. — These  are  frequently  used  as  boosters 
to  raise  or  boost  the  voltage  near  the  extremities  of  long  distance,  d.c, 
iransmission  lines. 

Dynamotors. — ^A  dynamotor  is  a  combination  dynamo  and 
motor  having  both  windings  on  one  core. 
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consequently,  little  or  no  tendency 
for  sparking  to  occur  at  the  brushes, 
and  they  therefore  need  not  be 
shifted  on  this  account  for  different 
loads. 


A  dynamotor  is  connected  at  its 
motor  end  and  started  in  the  same 
manner  as  any  shtmt  wound  motor. 


Rotary  Converters. — This 
type  of  machine  is  a  combination 
of  an  ax.  motor  and  a  dynamo. 


It  has  practically  become  a  fixture 
in  ajl  lax^  electric  railway  systems 
and  in  other  installatioas  where 
heavy  direct  currents  of  constant 
pressure  are  required  at  a  consider- 
able distance  from  the 
plant. 


generatinj^ 


When  driven  by  dx, ,  a  rotary  con- 
verter operates  the  same  as  a  d,c, 
motor;  when  driven  by  ax,,  it  oper- 
ates the  same  as  a  synchronous 
motor.  The  commutator  is  the 
most  troublesome  part. 


If  it  be  found  advisable  to  start 
the  converter  with  dx,^  the  same 
connections  would  be  made  between 
the  source  of  the  direct  current  and 
the  armature  terminals  on  the  com- 
mutator side  of  the  converter  as 
would  be  the  case  were  a  direct  cur- 
rent shunt  motor  of  considerable  size 
to  be  started;  this  naturally  means 
that  a  startinfi^  rheostat  and  a  circuit 
breaker  will  be  introduced  in  the 
armature  circuit. 
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A  polyphase  converter  may  be  staxted  with  a.c.  by  applying  the  ax. 
pressure  directly  to  the  collector  rings  while  the  armature  is  at  rest. 

The  electrical  difficulty  experienced  with  rotary  converters  is  the  re£ula< 
tion  of  the  d.c.  voltaze;  the  mechanical  difficulty  is  hunting  due  to  varia- 
tions in  frequency.    Hunting  is  best  prevented  t^  the  damping  method. 

Electrical  Measuring  Instruments. — ^Voltmeters  in  most 
common  use  have  capacities  of  5,  15,  75,  150,  300,  600  and  750 
volts  each,  although  in  the  measurement  of  very  low  resistances 
such  as  those  of  armatures,  heavy  cables,  or  bus  bars,  voltmeters 
having  capacities  as  low  as  .02  volt  are  employed. 

In  operation  if  the  hand  (^  an  instrument  do  not  readily  come  to  rest 


niREE  PHASE 


Pro.  7,021.— WkinB  dia« 
proper  phAse  relations, 


isnsement  of  incandescent  UiDpa  for 

The  three  brushes,  D,  T  and  G  prcssinE  ( 
i  three  Emgle  pole  Bwitcnea  H,  L  and  B.  whi 
wires  mTR,  and  V,  o£  the  Bllemnting  curre 
iwilches  H,  for  eiample,  a  number  of  be 
1  at  E.  while  the  three  pale  Bwitch  (not  shoT 
Kinale  pole  s«  tcTiea  is  open.    If  then 


.d  the  middle  switch  L. 


fi...  „^  ^..-^  ,^.^.^a  in  rapid  succession;  the  lighting  e 
wiu  ccmunue  until,  by  a  proper  BJijuBtmeiit  of  the  speed,  the 
established  between  the  alternating  current  in  the  supply  drcu 


remain  perfectly  dark.    There  is  then  no  < 

Bt 'that 'instant  be  disconnected  from  the  ma 
the  change  over  has  been  accomplished  before 

sous  motor  without  further  tmuble. 


. .,.  :n  the  Isjnps 

.  phase  relations  be 
..  b..^  BL.!^!"/  ..^.v.,.^'  ,>.■..  >..<^  alternating  current 

darl^ning  of  the  lamps  will  increase  until  they 
leience  of  pressure  between  the  supply  circuit 
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genUj'  tap  It.  Before  connecting  up  instruments  it  should  be  known  that 
the  pressure  or  current  to  be  measured  is  lailkin  the  range  0/  the  instrument 
otkermse  the  latter  may  be  burnt  out. 

Do  sot  place  instruments  near  conductors  carryii^  lai^  curreat  and 
expect  to  get  an  accurate  a.c.  An  a,c.  voltmeter  will  work  on  a  d.c.  circuit, 
but  a  d.c.  voltmeter  will  not  work  on  an  a.c.  circuit. 

The  usual  capacities  of  a.c.  voltmeters  are  3,  7.5,  10,  12,  15,  20,  60,  75, 
120,  150, 300  and  600  volts  but  these  capacities  may  be  increased  by<  the  lUK 
of  multipliers.  Ammeters  should  be  cut  out  of  circuit  exc^t  while  taking 
reading  to  avoid  error  due  to  heating.  To  correct  3  or  4%  error  in  volt- 
meter readings,  straighten  pointer,  vary  tension  of  spiral  springs,  renew 
jewel  ia  bearmgs,  alter  value  of  the  high  resistance,  etc. 

>r.c.  n  nurntT.T  PUU-EY    i 


.. , lehofthB 

eiecmcll  meBsunng  instnimfntl.  In  order  to  enabie  Iha  man  at  the  tachometer  to  knp 
the  Bpeed  constant,  he  ihould  be  in  CQmiQuiucation  either  directly  or  indirectly  with  the 
source  of  the  drivin^f  pover.  and  the  man  at  the  water  rheostat  should  be  in  plain  view  of 
the  man  reading  the  ammeter  so  that  the  latter  party  may  sienal  lum  for  the  proper  adjust- 
ment of  the  rheortat  in  order  that  the  desired  increase  of  current  be  obtained  for  each  act 
of  nadiniB. 
Fig.  7.923.— Water  rhsostst.  /(  coiuM*  MMnlfaUv  of  a  tank  of  suiUble  tbe  contoinins 
salt  wat«r  into  which  are  placed  two  electrodes  having  means  of  adjuBtment  of  the  distance 
separating  them-  The  solution  depends  on  the  voltage.  With  current  density  of  one 
ampcn  per  sq.  in.,  a  water  solution  gives  a  drop  of  Z.SOO  to  3,000  volts  per  inch  distance 
between  the  plates.  Where  high  voltage  is  oaed.  the  water  must  be  circulated  through  and 
from  the  tank  by  rubber  hoM  aOawingfarZ.SDOvoHi.alengthof  15  to  20  feet  oil  inch  hose 
to  prevent  grounaing. 

How  to  Test  Dynamos.— The  instruments  needed  are, 
voltmeter,  ammeter,  speed  indicator,  and  the  usual  switches 
and  rheostats,  connected  as  in  fig.  7,922. 

In  the  case  of  a  shunt  machine,  the  speed  should  be  made 
normal  and  the  field  rheostat  adjusted  trntil  the  voltmeter  reading 
indicates  the  rated  voltage  of  the  machine  at  no  load  and  read- 
ings taken. 
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Tbe  electrodes  of  the  v&ter  rheostat  should  be  adjusted  for  s 
resistance  and  nuin  circuit  closed,  and  a.  second  set  of  readings  taken. 
Several  sets  of  readings  a.re  taken,  with  sucoesslve  reductions  of  water 
rheostat  resistance.     "Die  results  are  then  plotted  on  coSrdinate  paper. 

To  obtain  the  commercial  efRciencx  the  input  and  output  must  be  found 
and  compared  for  different  loads,  l^us 


input  in  braka  borse  power  —    ■„„  jy^.-   (1) 


2.-LWR 
33,000 


-vsofin  iltemitor.    In  t— ting  »  (eriei  d  ahmntr 
i!i  of  ooe  of  the  phitci,  ii  made  for  •liiTereat  VkluM. 
Oft  luc  jjciu  bukiEiib.    <4  biLD  iiiw^ii'iiD  oo  tiro  pTifl9«  or  three  phiie,  the  voUmotcr  may  ba 
connected  to  any  one  phue  tbraughout  ■  Eomplete  Kxin  of  onucvationi. 

in  which  L  ••  length  of  Prony  brake  lever;  W  »  pounds  pull  at  end  of  lever; 
ji  —  revolutions  per  minute. 

The  output  or  electrical  horse  oower  for  the  satae  load  is  easily  cal- 
culated from  the  formula 


output  in  electrical  horse  power 


amperea  X  -volts 


iai  efficiency  —  -. — ^  . . 
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CHAPTER  126 

Motor  Driven  Tools 

There  is  a  constantly  increasing  demand  for  small  portable 
motor  driven  tools  whidi  has  resulted  in  a  multii^city  of  highly 
developed  devices  designed  for  numerous  duties  formerly  per- 
formed by  hand  in  machine  and  carpenter  work,  etc.,  such  as 


drilling,  grinding,  buffing,  screw  driving,  hammering,  etc.,  the 
saving  in  labor  accomplished  by  the  use  of  these  tools  is  very 
great,  \ 

According  to  the  kind  of  power  used,  motor  driven  tools  may 
be  classed  as 

1.  Electric 

2. 
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Flc.  7.037. — Chicafio  "little  Giant"  krw  ipike  driver  fiot  ItO,  220  oi  600  yM  i^.).  It  Ii 
a  powdful  elcctnc  mteXf.ioiA  which  opMsUS  in  coojuncticin  with  a  ifwial  aRait  bnalcet 
dcdgDcd  to  open  tha  drcuit  when  the  iiHIib  ii  (CRwed  home.  It  TequiiEi  an  opcnitor  and 
a  heqiec  to  talce  can  of  the  beav;  toigtw  developed  at  the  instani'  of  maiirniim  effect  wbm 
the  bead  of  the  spike  i>  forced  agsiiut  the  baae  al  the  nil.  At  this  instant  the  cirbuit  bnalcer 
opeu  the  dmiit  and  the  tool  stoiM  turning.  On  electric  loada  the  dicuit  is  taken  frosi  the 
tn^7  or  third  rail. 


Fic,  7,S2S. — Osborn  safety  device  for  electric  drilh.  /(  cofubta  o/ a  special  SK 
nectlonfl  inchidinfc  a  small  armature  resiatance  mounted  directly  on  the  iwitcn  case-  Wlifia 
the  opentoi's  hand  is  removed  f  lom  the  trigger  shown  at  the  right  of  the  cut,  a  spring  opeu 
the  maia  circuit  from  the  line,  thereby  cutting  off  the  line  current  from  tiie  drill.  ■  Immedia- 
tely aftw  the  line  circuit  is  open,  a  circuit  ismide  through  the  armature  and  field  windingi, 
cassing  tlie  motor  to  become  a  eenerator,  the  armature  beiag  practicall7  short  circuited 
thiousll  the  miitance.  The  load  Uiua  produced  on  the  armatura  came*  It  to  atop  almost 
imniediat*l7,  thm  effectively  destroying  the  torqna  or  puU  on  the  handles  of  the  to  '     *" 
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current  only.  Some  tools  are  desij^ed  for  two  and  three  phase  alternating 
current.  In  thesa  an  induction  motor  is  used,  which  possesses  the  advan- 
tage of  having  no  commutator  or  brushes.  The  motor  being  of  the  short 
circuited  type  is  practically  impossible  to  bum  out. 

The  two  and  three  phase  motors  cannot  bo  operated  from  a  lamp  eoclcet 
connection,  but  must  be  connected  to  the  three  or  four  wires  of  a  three 
phase,  or  two  phase  circuit  as  the  cdse  may  be,  a  suitable  cable  being 

provided  for  this  purpose. 


Pra.  7.S29.— U. 

S.  electric  tool  driver  designed 

:or  dnvino  wood  set 

w...  Th.  large 

tcSJariVBTbit 

Inoptralbm 

wlitn  B  Krew  hu  been  driven 

stuudaired.the 

sis^iSS^sT.iA'r'-' 

Tia.  7,B30.— etaw  camtrinatioD  o(  fleoble  (halt  and  eockiMd  mnlti-BpeBd  d.c. 
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The  Transmission. — The  term  transmission  here  means 
the  mechanism  between  the  motor  and  the  tool  shaft  through  which 
the  power  is  applied.  Its  object  is  to  "transmit"  the  power  of 
the  motor  to  the  tool  shaft  altering  if  necessary  the  velocity  of 
these  parts  in  any  desifed  ratio  to  properly  perform  the  work. 


B 


SiNCLE 

ReOUCTtON 

SfURGCAR 


DOUBLE 
REDUCTION 
SPUR  GEAR 


EMERT 
WHEEL 


WORM 


G  m 


couerNED  FRiaiON 
AND  SPUR  GEAR 


Figs.  7,931  to  7,937.— Varicms  electric  rotary  tool  transmissioiis.  A*  direct  drive:  B,  ainale 
tediiction  sxmr  gear;  C»  double  reduction  spur  gear;  D«  friction;  E«  belt;  F«  combined  fric- 
tion SAd  spur  gear;  G»  worm  gear. 
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As  the  speed  of  a  motor  or  ttirbine  must 
be  very  high  to  develop  a  given  power, 
because  of  the  weakness  of  the  toique,  it 
must  be  evident  that  some  fonn  of  geariue 
is  necessary  between  the  motor  or  turbine 
and  the  tool  shaft  to  slow  down  the  si>eed 
ctf  the  latter  ^  as  to  develop  sufficient 
torque  to  perform  the  required  operation, 
except  in  the  case  of  very  light  duty  opera- 
tions, such  as  light  duty  drills. 

Accordingly  transmissions  may  be 


1.    With   respect   to    the   relative 
movements  of  motor  and  tool  shaft,  as: 


Fro.  7,838. — Electro  electric  diria 


d  to  m 


a  Direct  drive 

b  Single  reduction 

c  Double      /sura 

reduction  V™' 


d  Worm 

t  Friction 

Combined  gear  and 
fricttoQ. 


-Vim  Dora  electric  drill  with  double  reduction  Bpur  gejiT  trauamifiaion.    Ttm  ptrit 


spmdie;  G.  drive  Btnn^  tbnut;  'H,  braxhtaj  I,  comimitBtor,  J.  motor;  K,  c< 
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^o.  T.MO.— U.  S,  fricti 


2.  With  respect  to  the  direction 
of  rotation,  as; 


The  direct  drive  is  suitable  for  light 
wood  drilling,  in  preparation  for  screws, 

e'ano,  cabinet  and  furniture  work,  also 
r  drilling  small  holes  in  the  scoter 
metals. 


driven  ^afts  according  to  the. desired 
degree  of  Epeed  reduction,  adaptii^  the 
machine  respectively  to  medium  or 
heavy  duty  work. 


ir.drilline  and  lifht  tapping. 


\al  pindiKt  ofaHfH. 
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Where  a.  very  high  degree  of  speed  reduction  is  required,  as  in  a  combina- 
tion of  higli  speed  motor  and  slow  speed  tool  shaft,  a  worm  gear  transmis- 
sion is  desiraole,  however,  with  worm  gearinr  the  motor  ^laft  and  torJ 
shaft  must  be  at  right  angles  to  each  othen;  uiis  may  or  may  not  be  ob- 
jectionable,  dependmg  upon  the  service  required. 


PtQ.  7,M,3.— Van  Dom  direct  dl 


1      ^ 


Drills  and  Grinders- — The  present  widespread  use  of  electric 
tools  is  no  less  notable  for  the  increased  general  use,  than  for  the 
many  important  variations  of  applications. 
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SOLID   STEQ. 
7ics.  T,MS(o7MB.— SUelfforChiuBoluaii 


Drills,  formerly,  were  thought 
to  bo  valuable  only  for  drillina;: 
grinders  found  little  use  outside 
of  foundries.  New  uses  for  these 
tools  are  frequenUv  being  dis- 
covered, ,iiiany  effecting  great 
econwny  in  production ,  mainten- 
ance, or  construction  methods. 

The  use  of  a  drill  for  screwing 
insulator  holders  into  cross  arms 
ia  &  typical  example.  Notable 
among  the  varied  applications  of 
grinders  is  rail  grinoing  on  rail- 
road track  work. 


Hammers. — There  are 
many  operations  such  as 
diipping,  caulking,  tube 
beating,  light  rivetting, 
etc. ,  that  can  be  perfonned 
by  a  motor  driven  hammer 
with  considerable  saving  of 
labor. 


These  hammers  can  be  obtained  in  various  types,  so  designed  that  the 
blows  delivered  per  minute  range  from  a  few  hundred  heavy  blows  to  3,000 
or  more  light  blows  adajjting  them  to  all  kinds  of  uses.  An  important  fea- 
ture in  hammer  designs,  is  a  provision  against  it  being  overworked,  that  is, 
it  is  so  constructed  that  the  strength  of  Dlow  is  constant. 

In  the  electric  drive  a  simple  magnetic  cushion  is  interposed  between  the 
liammer  element  and  'Uie  motor,  which  prevents  excessive  vibration  and 
Itfeakage. 
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Pic.  7,940, — SIoit  odjusUble  fleiible  eiinder 
fftf  vat  m  fouodrie*  and  ste*!  workiiic  indus- 

mounted  on  e.  tniclc  msldiia  it  sauly  tranft- 
portable  to  any  part  of  the  ihop,  c1imiDa.tuig 
the  xuxtuUy  of  taldnc  the  work  to  the  tool, 
Unu  unng  time,  Bnd  cuttbg  coet.  By 
meani  of  the  nrivel  euepenaiou  the  work  can 
be  cairUd  on  over  en  eneniivs  aicK. 


The  pneumatic  drive  lends 
itself  to  hammers  of  the  loaf 
stroke  type  which  are  w^ 
adapted  to  bridge,  structuial, 
audboiler  rivetting  being  regu- 
larly desired  for  driving  hot 
rivets  of  sizes  rangii^  from  Uta 


Hamni«-    Steels. — The 

efficiency  of  hanuners  is  due 
to  the  number  of  blows 
struck  per  minute.  These 
blows  are  comparatively 
light  and  the  action  in  drill- 
ing is  a  crumbling  or  very 
minute  chipping  process. 

For  this  reason  the  tjrpe  of 
drills  selected  depends  largely 
on  the  nature  of  th  s  material  to 
be  drilled. 


a  concrete,  ordinary 

Diatnond  drilla  used  in  hard  rocks,  granite,  marble,  vitriffied  brick 
and  hard  concrete.  These  are  single  point  drills  and  may  be  used  satis- 
factorily in  places  where  the  hammer  does  not  drive  the  steel  into  the 
material  so  far  that  it  is  difficult  to  turn  it.  It  is  more  difficult  to  drill  a 
true  hole  with  a* diamond  drill  than  with  a  star  drill,  imless  care  be  taken 
to  rotate  the  tool  rather  rapidly  at  the  start;,  giving  it  a  full  %  swing. 


Fio 


■hiael;  fig.  7,952,  bull  point;  fig.  7.953, 
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vid  Bcotimul  vitm  of  ElectTo  hmmineT.  The  control  a 
in  Tnagnetic  cushion  is  pUced  b«twe«a  tlw  bv 
Tibntion  and  breabafs.    The  itrengUi  of  bl 
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single  acling  piston  air  drill  parts.    Fig.  7.9S9 

7  fiii'uicscopic  ieei  tcnw,    Thovstveian 

,  which  is  magaiined  in  the  largo  chamber  to 

uisnarDi  ine  vuves.  u  admitted  over  the  full  width  ottheelse,  vhich 

It  the  thkkneu  of  the  valve  Inwhina  and  cylinder  wall  f ••---■  ^ 

■■--■■-■-"  ■    sallopBtbeairtobeBihaiistedinlo 


u  Therea™  two  double  acting  eylicuJen,  with  valve*  toeated  be- 
tween tnv  cyuiuiFiB,  Au  ia  taken  la  centrally  between  the  cyUnden  and  then  ia  aa  little 
deaiancBUiKiinble.  Geared  to  the  craolc  Ehaf  t  ia  another  two  throw  crank  diametticallr 
(VpDted.  Tnil  cranlc  epera tea  directly  on  two  oadlUtinc  levera  ceDteied  on  the  diill  (pindk 
proper  knd  having  tha  bearings  around  lame.  Tbe»  levera  ara  provided  wit^  pawli  oi 
practically  tha  whole  thickneu  of  the  lever.  The  pawl*  operate  on  ntcliet  teeth  aunk  in 
tha  Bpindlei  the  outer  circumfennce.  or  point  of  tee^  leavinsrao^le  alack  for  K*«wiwj»  of 
the  liven.  The  motion  of  the  drill  ipindle  ia  continnou*.  The  ensina  crania  are  at  an 
anglQ  of  135*  which  allowi  the  two  piatnna  to  pull  together  when  the  poaitioii  of  the  levera 
require*  tha  sreateit  power.    Tha  drill  ha*  a  reveraihla  ratchet  feed  and  a  poppet  ihuttl* 
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Both  star  and  diamond  drills  are  made  with  square  shanks  to  keep  the 
cuttings  loose  ia  the  hole  and  to  prevent  paddI^;  around  the  tool. 

The  relation  of  the  square  shank  to  the  cuttii^  size  is  important  and  haa 
been  established  by  a  laree  amottnt  of  experience.  The  life  of  drill  steels 
depends  upon  the  material. 


Pig.  7,964.— Thor  iXorl  M 
etc.  AfeatUTB  ia  the  vi 
'  parts.    Tho  fiihamc  pai 


t  mecUsnitm.     TIib  vi 


In  granite  or  vitrified  brick  frequently  a  drill  dulls  ii 
□f  drilling,  while  in  soft  stones  the  same  steel  will  run 
needs  resharpening. 


Steels  may  be  resharpened  on  a  wheel,  but  after  being  touched  up  a  few 


th«  pifltoQ  ntiima,  11 
ir  for  the  powe 


ii  termed  tha  auxiliuv  vti-n.  the  purpoM  of  wlueh  1*  to 

i:h  ligHtljf  (tuti  tbe  piiton  dowBvurcl,  uid  alio  nipplii* 

t  travql  in  the  dowawud  direction,  tho  main  valve  op«aa 

ir  direct  and  vei7  cloaa  to  the  pi>tan.    The  pitton,  tben- 

tnmel/  forceful  and  quick  acting  bloir  and  quicker  tetun. 

ic  Ihiuttle  valvs  ii  arranged  lo  that  a  light  of  heavy  blow 
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times  they  lose  their  size.  This  is  important  where  holes  are  being  drilled 
for  expansion  bolts  and  the  like.  When  the  sizes  are  lost  the  steel  may  be 
redressed  by  a  blacksmith,  and  this  redressing  process  may  be  repeated 
many  times  until  the  whole  shank  of  the  tool  is  used  up. 

Pneumatic  Drive. — Compressed  air  is  extensively  employed 
as  the  power  medium  for  motor  driven  tools.  These  tools  are 
usually  designed  to  operate  on  80  lbs.  air  pressure.  There  are 
two  general  types  of  motor  used: 

1.  Piston 

2.  Turbine. 


nibls  tmhitie  sir  driUi.  Fig.  7,967,  direct  drive  ipecd  230 
fj.m.,  adapted  to  drilling  in  steel  up  to  ^inch,  and  boring  in  wood  up  to  M'l-'n'uanMMi. 
Time  drilla  am  intended  for  light  drilhng  and  are  equipped  with  roHer  beaiinga.  In  tba 
eear  type  tvnj  lets  of  drive  ^eais  are  between  the  turbine  ihaft  pinion  and  ipindle.  The  lit 
chambCT  eneirclea  the  turbine,  the  air  jeta  paBsiug  through  the  vjtU  in  diametiically  op- 
poBcd  poohionbavoriQ  tendency  to  bide  or  end  pressure.  The  air  is  cut  off  by  pushiag  trincr 
to  neutral  point,  and  by  throwing  it  over  the  neutral  point  the  (ji  u  levmed  and  qui^y 
Etopa  aptndle. 


The  turbine  drive  is  inherentlv  suitable  for  high  speed  work  as  it  turns  at 
high  rate  without  appreciable  vibration;  hence  it  is  adapted  to  light 


L 


quickly  brought  to  rest. 
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CHAPTER  127 


Ignition 


It  is  a  good  plan  before  tinkering  for  ignition  (or  carburetor) 
troubles  to  see  if  there  be  any  gasoline  in  the  tank,  and  if  the  cock 
in  the  pipe  between  the  tank  and  carbureter  be  turned  on. 


EXPLOSION  LIME 

POINT  OF  IGNITION 

COMPRESSION  CURVE 


Pig.  7.969. — ^Indicator  card  for  gas  engine  illustrating  the  "point  of  ignition."  It  will  be 
noted  that  compression  continued  to  the  end  of  the  sttoln,  before  the  compression  curve 
made  an  abrupt  change  into  a  nearly  vertical  line,  the  point  of  ignition,  that  is,  the  piston 
position  at  the  instant  of  the  spark,  the  nearly  vertical  "explosion"  line  with  the  high  x>eak 
coming  almost  to  a  point,  denotes  a  strong  mixture  and  a  qtdck  explosion. 


Point  of  Ignition. — ^The  "timing"  or  selection  of  the  point 
of  the  stroke  at  which  ignition  shall  take  place  is  an  important 
factor  in  the  application  of  any  method. 

Since  there  is  an  appreciable  time  interval  between  the  spark  and  the 
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7.974.— Vuious  metliodi 
Nmneiom  devicw  bm 
bo  fire  tha  char^  in  gu 
tlic  CArly  days,  a  fluDc 

.  . jtUr  was  u»d.  the  latter 

beinff  opened  at  the  proper  mommt 
(fie- T,97Q).  Sometimn  the  flame  w» 
blown  out  by  a  too  violent  expluion 
BO  this  method  gave  way  to  a  porcelain 
tube  that  wai  kept  at  white  beat  by  as 
imetiorflame  (fig. 7,971).  Tubebeing 
snhject  to  brealcacej  apmgy  platiniup 


FJga.  7,S73  and  7,971  (how  mak*  and  braak  ai 


watery  vapor  la  the  ga*  miitun.  or  if 
the  engine  ipeed  were  cot  too  high. 
Another  metood  cooaitt*  in  heatms  a 
spherical  projer^ —  " — '  *-"'  -"  ■"-- 
cyhnderheadja 


..  . —  _a  undemaodaig  of  igiiidon 
principles .  it  is  necessary  to  have  at  least 
an  elunentary  knovladge  <^  electricity. 
ump  spark  method*  of  atectric  igniliDn. 


.  In  eontlruellan,  a  vslva  «,  commonly  called  the  timing 
1  ia  inteiinsed  between  the  admission  valve  chamber  B  (com- 
»  apace  of  the  cylinder)  and  the  interior  of  the  bot  tube  C. 
dosed  by  the  spring  D.     When  the  piston  reaches  its  inner 

compression  stroke,  a  cam  £,  on  the  secondary  shaft,  opens 
3n  of  the  compnased  charKe  to  pass  into  the  hot  tube  where 

is  held  open  throughout  the  power  and  exhaust  strokes,  thus 
tmbustion  to  be  carried  out  of  the  tube  with  the  uhatist, 
.  two  cycle  oil  engine  with  hot  ball  Igniter.     In  af>«ra(fc 
1  stroke  by  contact  with  the  heab 


a-M..Theoi 


m  the  in 


^r  ballii 


eated  for  a  few 


ball  and  is  sprayed,  vaporiied  ai 
-.    Tha  igniter  ball ■— ■ — ■ 


h  Uw 


the  heat  of  the  enjlosions.  A,  crank  chamber;  B.bsse;  C,D,  ports;;  E,  exhauv 
np;  G,  igniter  ball;  H,  rsMvoirjI,  plunger  guide;  J,  dome  pipe;K,  pin;  M,  oil  bl 
tction  ccule;  0>  projection!  P,pro;ecliiigtube;R,  pump  plate;  S,  dome. 


n  pressure  of  combustion,  it  is  clear  that  the  spark  should  occur 
earlier  for  an  engiQe  running  at  high  speed  than  for  one  running  at  low 
speed.  In  general  the  spark  should  be  advanced  as  muck  as  posiiUe, 
consilient  wilk  smooth  running  and  economy,  in  order  that  the  temperature 
at  release,  or  tBken  exhattst  logins,  should  not  be  high  enough  to  injure  the 
exhaust  valves. 

Methods  of  Ignition. — ^The  charge  in  the  cylinder  of  a  gas 
engine  may  be  ignited  in  several  ways,  as 
1.  By  means  of  a  naked  flame; 


Pig.  7,B77  to  T.flRl.— H»dra«Hc  analotUi!    Figs.  A,  capntUy;  figs.  B,  *fui*r(;  figi.  C, 
THislann;  flgt.  D,  ciatint;  tt,».  E,  equal  cat»cities  at  diSttcai  p[euu»]. 

.1 


. , —Hydraulic  Bnalosin.    FigsT,  wtfiJ  smtcn  6gt-  O,  »«ie«  a. 

SigB,  H,  garaUil  aumtilion;  figs.  I,  r.euptralia*. 
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2.  By  means  of  a  highly  heated  metallic  surface; 

3.  By  an  electric  spark, 

4.  By  the  heat  of  very  high  compression. 

ft 

The  naked  flame  is  practically  obsolete,  and  the  hot  surface  or  hot 
tube  is  used  to  a  very  limited  extent,  except  in  the  case  of  some  types  of  oil 
engine.  Many  builders  of  standard  engine,  however,  are  prepared  to  fur- 
nish hot  tube  ignition.   Electric  ignUion  is  new  the  prevailing  method. 


SWITCH 


Fig.  7.986. — ^Low  tension  or  make  and  break  i^tion.  In  9tarting,  say  on  the  battery,  the 
arm  of  the  two,  way  switch  is  turned  upon  pomt  T.  The  movable  electrode  D,  of  the'&st 
cylinder  being  in  contact  with  the  instdatea  electrode  B,  by  the  spring  E,  the  current  win 
ft)w  from  the  battery  J,  through  the  coil  K,  thence  through  the  two  way  switch  and  the 
single  throw  switch  to  the  insulated  electiode  B .  The  movable  electrode  D ,  being  in  contact 
with  the  insulated  eleetrode  B ,  the  current  returns  to  the  battery  through  D  and  the  metal 
of  the  engine,  thus  completing  the  circuit.  As  the  cam  G,  revolves  in  the  direction  indicated 
by  the  arrow,  its  nose  passes  from  under  the  lower  end  of  P,  the  latter  drops  with  great 
rapidity  by  the  action  of  spring  H,  and  in  so  doing  a  shoulder  at  the  upper  end  of  P,  strikes 
the  external  arm  of  D,  a  blow  caiisin^  the  contact  point  of  D,  to  be  Qiuekt^  snapped  apart 
from  B,  producing  an  arc  which  igmtes  the  charge.  This  cycle  of  oi>erations  is  repeated 
by  the  ignition  mechanism  of  each  cylinder  in  rotation. 


Low  Tension  or  **Make  and  Break''  Ignition. — In  this 
system  there  is  a  device  known  as  an  igniter ^  placed  in  the  com- 
bustion space  of  the  engine  cylinder. 

This  consists  of  two  electrodes,  one  of  which  is  stationary  and  the  other 
movable.  The  stationary  electrode  is  insulated,  while  the  other,  having  an 
arm  within  the  cylinder  and  placed  conveniently  near,  is  capable  of  being 


Pw.  7,987.— HBrnmer  break  ianitn. ^. 

-Unniiua  A,  ii  mouBted  OQ  a  movable  ihift  C, 
c^^iader  nil  br  tha  hva  tnuhing  D,  A  nitiiiu  otm 
vida  Uie  dmri)  for  roclnng  tlw  (ctmlniil  A,  K  u  to  b 
B,  *md  Uuit  ftUeklm  itptrtU  tha  ttniuli  to  pradud 
firevidei  &  (emi-BeiiUa  conocctiini  bvtmoi  the  atuft 
poinuofthatvotermhuili  on  tipped  with  two  niuU  p!i 
tMmxnilk  ue  mounted  in  the  rcmanbl*  plus  K.  wh: 
mil  of  ttie  cylinder  bend,  M  that  the  iiniter  pointl  a 
tbo  cyliaOetL    la  thBdicnit  laa  batteryl.,  ufTprlDiuy 


Pk.  7,088.— Wipe  contact  IcnitK.    It  amtUtt  of  t^ .  ... 

riecttode  A,  uhI  the  movable  electtod*  B.    Tb«  iinit 
"    "-- nHTa. 


dectnidti.ti 

ted  in  the  b 

over  th*  bead  ol  the  admiwra  vain  H,  and  ntber  one  of  tile  dettmOea  can 
■oriavectioaarTemoTalindepeiidenttr  brreaovinctliecaitK.  /n  opvatfen, 
levt^vcd  by  tha  moticm  of  the  icnitBr  nd  C.  tht  WBulViBg  blade  B, li  tniutlit 


J-J-^   A 


I   HIGH  PRESSURE 


0        rj  highpk: 

Pice.  7,989  to  7.B9S.— Bydnalic  analogiea.    Pige.  A(  peatr;  S9.  B,  InUrnat  rtsisUnu. 


The  drcuit  includes  a  primary  iaductton  coil.    Current  may  be  deiived 

from  either  a  primary  battery,  storage  battery,  or  low  tension  magneto. 


produces  oh  electric  fl._  ..  ^ ,  _, ,^ _.,„„, 

that  is — bythe"inertia"ortendency  of  the  current  to  continue  flowing  after 
the  separation  of  the  contact  points. 

High  Tension  or  "Jump  Spu-k"  lotion. — In  this  meth- 
od, an  automatic  deake  is  placed  in  the  primary  ctrcnit.  which 
closes  and  opens  it  at  the  time  a  spark  is  required. 


Pic.  T.tMT, — High  tcTUicm  or  jump  iiiarlc  ignition.  In  operation,  ttie  nOK  of  tba  cun  in 
revolvina  engawa  the  contact  maJftr  which  compjBtu  the  primafy  circuit  and  aDowi  cumoC 
to  Sow  tTDm  the  battery  through  the  primary  windiiig  of  the  cofl;  this  mAgnetizei  the  core- 
The  primary  ciiiouit  19  now  broken  by  the  action  of  the  cam  Knd  magnetic  chaoga  take 
^ace  in  the  coil  whiofa  induce  a  momentary  high  tension  current  in  the  secondafy  dicuil. 
TXe  great  pressure  of  this  current  forces  it  across  the  air  gap  of  the  Epark  plug  and  ai  it 
bridges  the  gap  a  Epark  is  produced.  The  airom  indiCHte  the  paths  of  the  currents.  At 
break,  the  primary  current  is  "slowed  down"  by  the  condenser,  thus  p«ventiii»»n  arc 
between  contact  breaker  contacts. 

When  the  circuit  is  dosed,  the  primary  current  flows  through  the  pnmary 
winding  of  the  coil  and  causes  a  secondary  current  to  be  induced  in  the 
secondary  winding.  A  spark  plug  being  included  in  the  secondary  circuit, 
opixises  the  flow  of  the  current  by  the  high  resistance  of  its  air  gap.    Soce 
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the  pressure  of  the  secondai?  current  is  suffident  to  overcome  this  resis- 
tance, it  flows  or  "jumps"  across  the  gap,  and  in  SO  doing,  intense  heat  is 
{voduced,  resulting  in  a  spark. 
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wuidine: 


ondary  inb«to 


«  indoction  coil.     FAa  pvit  ■ 


it«yi  C,  con;  b,  vibrator  EciminaH  (>•  cmdlDMr;  P 
IB!  W,  iwitdi;  V.  vibrstor.   la  ttpkratbn,  wh«n  tb 


M  jlmn  w( 


VtytiaOamet 


Mor  tnd  irtakt  ptimary  draill:  c,  Uk  matntUsm  rtMtii,  MadBi  a 

.- _..  ..„ -■•wciirmi  in  u*  namdary  wioiiiif,  tnineiitf  a  tpatk  at  tk*  Mftaf,- 

d,  iiur><li<iUjirac|l"[o/M>'orf  kn-iDfciui',  luroMr  ifniif  rcsiMHliJkH  CMMct;  ■,  jfrOMiy 
cirficif  Ij  agaiu-to^1;^filtted  and  Uu  cycU  btgins  oHfftp.  -  ^ 


Conntcl  . .  .. 

Figs.  8.000  and  S.OOl.— fiusch  type  C  horiiontal  •eoondary  cofl. 
handle;  2. -li- *  -.-fL.    .■   .     ^    ..     .-  ... 


lej  2.  movable  cover!  3.  coif  homing;  4.  starting  press  button;  B.fiiedconnectiDOirfate! 

ivableawilch  plate;  8,  cable  cover;  a.  milled  edged  nut;  10,  inn  core;  11,  plate  esnriog 
the  Blartina^arraQgemeot  and  tha  eondenser;  12.  coililen«r;  18,  contact  «pMa;  1'  ~" — " — 
lod^ig  key. 


n  breaker!  17.  vibrator  apring;  tS,  atop  sc 
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Fig.  S.002. — Circuit  diagnm  of  ■ 
master  vibraWr  coil.  ^.  is  the 
^ttOTiC  the  unit  coili:Cl,C3, 
0tc.,tbaccfldeiucri;P,Uie  prim- 
ary wiDdinn  and  S-thaKCODdory 
vmdianjHl.  H3,  etc. ,  the  apaik 
T.  the  timer;  MP,  tha 
prim»n';V,_the  vitoaloi^ 


W,  the 


1.  a,  etc.,  the 
LCta  of  the  tuner- 


in  the  core  Of  tha  coil 


demit)'  lutBdent  to  produci 
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A  fonn  of  high  tension  ignition  called  aynckronaus  ignition,  employs  a  dis- 
tHhuter  and  a  single  coil  for  the  several  cylinders  of  a  mtdti-cylinder  engine. 


^■K 


rThere  iare  many  types  of  magneto  in  use  for 
ignition.     TH^y  ins^^be  ^classified, 
1.  With  respect  to  thie  armi^; .    2.  With  respect  to  the  kind  of 


ture,  as 

a.  Stationary; 
h.  Oscillating; 
c.  Rotating. 


-     current  generated,  as 

a.  Low  tension; 

h.  So-called  high  tension 

c.  True  high  tension. 


with  s^paxBte 
.coil; 

with  self-con- 
tained ooiL 


Inductor  Magnetos. — ^In  this  class  of  magneto,  the  amuUure  is  fixed 
so  that  it  does  not  revolve  and  is  located  with  the  sector  shaped  heads  ol 
the  core  at  right  angles  to  the  line  joining  the  field  poks.  This  position 
of  the  core  ftimishes  the  least  magnetically  conducting  path.    An  annular 


I  secoNOAiRy  I"  ^... 
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CNGINE.  CYUHD&RS 

ftc.  8,012.— Wiring  diagram  for  K-W  type 
H  and  HT  magneto,  for  firing  order  1,  2, 
4j  3.  To  time  magneto:  Place  No.  1 
piston  on  upper  dead  center  of  compres- 
sion stroke,  and  have  rocker  arm  A,  hori- 
zontal as  shown.  Shift  magneto  around 
tmtU  distributer  brush  B,  touches  segment 
S,  thus  connecting  with  cylinder  No.  1.  ^  Shift  magneto  slowly 
by  hand,  in  the  proper  direction  of  rotation,  tmtil  the  contacts 
P  are  just  beginning  to  separate.  At  this  point  secure  magneto 
shaft  to  gear  or  coupling  with  set  screws.  When  one  cyUnder 
is  timed,  proceed  to  connect  the  others  as  follows:  Ascertain  the  firing  order  of  the  engine, 
then  crank  engine  slowly  and  connect  plug  cable  from  next  cylinder  that  fires  to  distributer 
segment  No.  2  and  so  on  until  all  the  plug  cables  are  connected.  The  secondary  connec- 
tions on  the  hard  rubber  distributer  biock  are  numbered  in  consecutive  order,  1,  2,  3.  4. 
etc.  These  ntmibers  do  not  refer  to  the  engine  cylinders,  and  it  is  necessary  to  determine 
the  order  m  which  the  cyhnders  fire  and  cozmect  secondcoy  cables  accordingly. 


MAGNETO 
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space  between  the  armature  and  the  field  poles  is  provided  tot  the  rotation 
oi  an  inductor. 

The  magnetic  condition  of  the  armattire  core  depends- entirely  upon  the 
jxpsition  of  the  inductor.  The  latter  is  arranged,  1,  to  revolve  continuoudy 
with  a  gear  drive  from  the  engine,  or  2,  to  rotate  to  and  fro  through  a  small 
arc  by  Enk  connection  to  the  half  time  shaft. 

Low  Tension  Magnetos* — Generators  of  this  class  may  be  used  to 
supply  a  current  of  low  voltage  for,  1,  make  and  break  ignition  or  for,  2, 
high  tension  ignition  with  induction  coils  or  coil  spark  plugs.  A  low  tension 
magneto  has  an  armature  winding  consisting  of  about  150  to  200  turns  of 
fairly  thick  wire,  covered  with  a  double  layer  of  insulating  material. 


IMMEDIATELY 
BEFORE  SPARKING 


Pigs.  8,013  and  8,014. — ^Low  tension  ignition  with  inductor  magneto.  In  operation,  the 
cam  C,  on  the  half  time  fihaft,  makes  a  contact  just  before  sparking,  and  immediately  breaks 
it  again  by  permitting  the  hammer  T,  to  fall  on  the  cam  S.  A  spark  is  produced  at  the  in- 
stant of  break  of  the  ignition  contacts.  The  winding  of  the  armature  A,  has  one  end 
grounded  through  the  base  of  the  magneto,  the  current  returning  through  the  engine  to 
the  point  S;  the  other  end  of  the  winding  is  led  through  an  insulated  post  to  the  nut  N, 
tjy  which  it  is  connected  with  a  stud  brought  through  the  cylinder  wall,  where  a  wiper, 
indicated  by  dotted  outline,  normally  rests  against  it  by  means  of  a  spring.  In  make  and 
break  ignition  the  quicker  the  break  th$  better  and  sPark.  which  means  that  the  spring 
operating  hammer  r.  snauid  he  ampig  strong. 

One  end  of  the  winding  is  grounded  to  the  armature  core  and  the  other, 
brought  to  a  single  insulated  terminal.  When  this  terminal  is  connected 
to  any  metal  part  of  the  magneto  or  engine  (since  the  latter  is  in  metallic 
contact  with  the  base  of  the  magneto),  the  circuit  is  complete.  The  wiring 
therefore  is  very  simple,  which  is  one  of  the  advantages  of  the  system. 

The  "live  end"  of  the  armature  winding  is  brought  out  by  means  of  a 
metallic  rod  passing  lengthways  through  the  shaft  of  the  armature;  a  hard 
rubber  bushing  is  provided  as  insulation  between  the  shaft  and  the  rod. 
The  live  end  of  the  winding  is  located  at  one  end  of  the  armature  shaft. 


r,  pttnury  of  tmuiormn;  S,  leeoaauy  oi  truuEarawn  D,  dutnbiitin^  bnitb  cuno; 

■luk  plqB*r^raafwraf(Bii>  dtaroaf&ss  c«nnt  Itoini  mm  ua  uautun  hav&c  'twa 
ponit*  oi  nwiiiniini  dkhoib  in  Meh  unutura  nvottitloii.  Aa  the  cumnt  IcBvca  tht 
annatnie.itiioSarM  twontba:  litbeahnrterBmiaihtMiaMiTUptetU  totfattrauad, 


•ad  3,  the  lonaer  tlvon^  t£«  iirimuy  P  gl  the  induetion  oott  to  tb*  CKMud.  A  Ibird  pu 
through  this  coodttiMr  K  ii  oiilsr  appaientlir  mTulabWi  it  n  obitructed  by  the  refuul 
the  condetuer  to  pennh  tba  iiuusa  ol  the  cumot,  u  the  coodauet  iriU  xmrti/  tbm 

Acartununaantolcnnnitat  the  propar  moment,  that  bat  the  in-*— *  -' "- ■■ 

at  Um  jntnnipter.  The  mtamiplar  bams  doted  the  veatcr  part  ol 
primiiy  current  to  anil  itaalt  if  tba  ibnt  natb  it  vl^t*.  At  the  i 
■nateat  cnncnt  inteniitir  cxiMi  m  flia  aimatta*.  the  wMrnipter  iai^ 

Fthat  the  Drinuiy  coinnt  baa  no  choica  but  mnat  take  the  path  tbrouBh ,.. 
s(  Itis  inOBCtion  coiL  A  certim  amoont  <<  current  la  at  thit  inMant  auo  abaarbad  m 
Sm  oondenaer  K.  lliia  mddett  nidi  ut  oumit  into  the  primaiy  P  <i  tba  induction  coiL 
tadueaa  ■  hiah  tcniioii  current  m  the  aacondaiy  wiDOing  B  ol  the  coil  which  has  anllkiaitt 
prwiure  to  tnidse  the  air  gt^  of  tba  (park  ploc.  Tba  ahatpar  the  rcih  of  cDrrent  iata 
tba  primary  vinoios  P,  the  mora  eaal*  win  the  ntcaMary  intendtv  of  current  for  a  Jump 
apark  be  induced  in  the  aacohdaryirindinsS,  ThatOttrlhullotio/  tba  eumM  iapmpai 
•Mtuence  to  the  Tariooi  cngioa  cylindera  it  acwmplished  aa  toUowt:  the  biBh  tanBoo 
mnrant  mdncad  in  tba  aaeondaiy  S  of  the  induction  coi)  it  delivered  to  a  distriboting  bruth 
carrier  D  that  rotate*  in  the  mtaneto  at  half  the  nieed  of  the  crank  thai t  of  the  engine. 
Tbia  bmih  nniar  alidea  over  mwilatad  metal  aegmanti  E— then  being  one  for  each 
cylinder.  Bach  of  these  tegmenU  B  coooaatt  with  ooa  of  the  tenainil  tockett  that  an 
aonnected  by  cable  witb  the  idbHc  plugs  aa  shown.  At  thm  IntlanI  ol  Inttrtofitlon  of 
the  primary  cnrrent,  the  diatributb^braabii  in  contact  with  one  of  the  metal  a^nnentt  B 
and  ao  coaplalst  a  circuit  to  that  ipark  plug  coooeeted  with  this  tagoeat.  Should 
the  circuit  between  the  tetminsl  G  aod  iu  ipai^  plus  bo  broken,  or  the  miitancs  of  tlw 
apark  plus  ba  too  great  to  permit  a  ipark  to  Jump,  then  the  current  might  riae  to  an  in- 
taonty  aumcient  to  dettroythe  induction  coil.  To  prevent  thit  what  ia  known  &■  a  aafaty 
waik  gap  ii  introduced,  Thb  will  allow  the  current  to  lite  only  to  a  certain  nuximiun. 
alter  wtiich  dix^uiget  will  take  place  thntogh  thia  gap.  In  eonilrucf  Ion  the  spaik  dia- 
(nargaa  over  thia  gap  a»  viaU>l*  through  ■  imall  glut  — ^-■— :-_-■_  .— 


, —    —  butant  at  wbiiJi  tht 

nlarmpter  ia  opened  maehanicaUr 


from  lAiich  the  current  flows  to  an  insulated  termmal  by  means  of  a  metal 
confAct  which  is  jmssed  against  the  rerfdving  lod  by  a  Bpring. 
<  Bigh  Teruion  MagnettM. — ^These  are  erroneoiuly  diridAd  into  three 
cUiseft  viz.:  1,  those  in  which  the  induction  secondary  wiring;  is  mund 
Sirectly  on  the  armature;  2,  those  having  a  seccmdary  induction  coil  con- 
■  tained  within  the  magneto;  and  3,  those  having  the  (xal  in  a  separate  box 
.  usually  placed  on  the  dash.  Strictly  speaking  the  first  mentioned  type  it 
the  only  real  high  tension  magneto.  Forming  part  of  a  high  tension  mag- 
neto is  a  dMert&tite)' which  delivers  current  to  the  cylinders  in  proper  sequence . 


Fig.  S.OIA. — GynchroDoua  hi^h  teuioa  tfnition.    Here  a  unglo  coil  m  CDnibiiiatk>n  with  ft 
<tlMr<hikr  it  iMeil  for  sny  n«niber<rf  cjrlaiden. 

Sjmcbronous  Drive  for  Magnetos. — tn  order  that  the 
periods  when  a  spafk  is  desired  shall  cmncide  with  the  periods 
when  the  voltage  is  at  or  near  a  maximum,  it  is  neeetaary  that 
a  magneto  be  driven  sptckranously,  that  is  at  a  speed  in  a  definite 
rate  to  that  of  the  engine,  as  otherwise  the  sparking  periods 
might  occur  with  a  zero  point  of  electrical  generation,  and  no 
spark  would  be  produced. 

To  meet  these  conditions  the  drive  is  made  positive  and  usually  consists 
of  toothed  ^wel  gears. 

Dual  I^ttion. — As  defined,  a  dual  ignition  system  is  one 
htmtig  two  separate  current  sources  with  MOme  part*  of  the  ignition 
apparatus  tn  common. 


Fio.  Bv017  to  S.010.-!-Double  igutioa  oaoAtiDg  of  a  tm>  Bfwdc  hii 
And  a  battery  Bynchroiious  lenhden  syctem  with  en^oe  driva 
elementary  diwnun  of  comJectioui  fic^  9,018,  poaHion  of  mafl 


Most  magneto  systems  are  examples  of  dual  ignition,  that  is  the  distri- 
buter irfiidi  forms  a  part  of  the  magneto  is  used  to  distribute  the  current 
from  either  the  magneto  or  a  battery.  Thus,  if  a  short  circuit  occur  in  the 
armature,  by  tumitiK  a  siritch,  current  may  be  furnished  by  the  battery 


Pic.  S,020. — -Dual  jamp  ipulc  icpiticni  for  A  four  crluiW  four  cyde  engine.  CuireQt  is  sop* 
plisd  bf  the  battery  when  the  BwHch  is  in  ttis  pontion  ibova  in  the  figute.  By  turning 
t^imlch  to  theriqht,  a  cuRent  from  the  ma^eto  will  be  furnished.  OjMraflvnvrlthUie 
battoy  in  tbedrcuitWndtbe  timer  in  the  paationsliowTi.  cuirent  flows  fiom  the  issitivB 
terminal  ct  the  hatteir.  to  the  switch,  thence,  to  the  contact  screw  of  noil  mimba  two. 
Prom  beie.  it  Sowi  thnFD^  the  vibrator  blade,  pnmary  windio^  of  the  coil  tuner  and  the 
mattl  o(  th*  enfine,  and  letums  to  the  battery.  The  primary  circuit  ii  altematdy  opened 
and  closed  with  great  rapidit^f  by  the  vibmtor  to  long  *»  the  rotor  of  the  titncr  is  in  contact 
with  terminal  2.  During  tha  mterval,  a  leriea  of  high  tension  current  is  induced  ia  the 
■gcoBdary  circuit  producing  a  series  (4  KiarK.  The  cumnt  which  flows  through  the  secondaiT 
Wining  IS  in  a  dtrcctioa  opposite  to  that  of  the  primary  current.  At  each  iniermption  ttf 
the  primary  enrrent.au  tnanced  high  tension  current  flows  throng  the  secondaTy  winding, 
to  toe  spark  pt^  acnMs  the  b^  producing  a,  spark  And  ntnms  through  the  metal  of  tht 


Double  Ignition. — An  extreme  provision  against  failure  in 
operation  consists  in  providing  two  entirely  independetU  ignition 
systems. 

Yat  some  installations  both  make  and  break  and  jump  spark  systems 
are  provided,  in  otheis,  two  high  tension  systems. 


4,058  -  69S     STARTING  AND  LIGHTING  SySTEMS 
CHAPTER  128 

Auto  Starters 
and  Lighting  Systems 

The  various  starting  systems  are  classed,  according  to  tbe 
kind  of  power  used,  as:  1,  mechanical;  2,  compressed  air;  3,  gas; 
and  4,  electric. 

The  em^dmrioeat  of  dectridtjr  for  gas  engins  atarters  has  the  advanUie 
of  alao  tuptdyinK  current  for  bghtmg  and  ignition  aa  well,  and  this  1^ 
led  to  tbfi  development  of  eysteim  involving  varioiu  combinations. 

Caasses  of  Electric  Starter. — There  are  numerous  electric 


PiR.  8,021 .  one  unit  nntcin:  flg.  »/Bl.  I" 
tt;  fig.  8,0M,  »  called  thna  nnitirWic. 
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starting  systems,  and  they  may  be  classified  according  to  the 
rnethoda  of  obtaining  current  for  starting  and  ignition,  and  the 
power  element  of  the  starter,  as: 

mit  systems; 
hree  unit  systema. 
These  several 
systems  com- 
prise respective- 
ly. 1.  A  motoi^ 
dynamo;  2.  A 
motor  and  a 
dynamo;  3.  A 
motor,  a  dyna- 
mo, and  mag- 
neto all  separ- 
ate. 


Pic.  8.023.— HolKT-Csbot 


IC.  S.OZj.— Holsei-Csbot  liEhling  mapwto  u 
hour  itoim^  batCery.  if  fulTy  char)tEd»  will  of 


<S  head  Iiahti  whcD  car  is 


iitnUcd  on  model  T  Poid  fx.  A  M  unperB 
^ate  the  ude  and  tail  lampa  (0  candle  power 
and  tail  lamps  134  candle  pcnrer)  for  appnui- 


■^^^^^^^  ^ 


Pios.  S.02S  and  S.02T.— Holzer-Cabot  lightins  mseneto  outfit  initallatian.    Pig.  S.OSfl, 
BuitAble  ako  »a  a.  co^eral  guide  for  motor  boat  wiring. 


=J 
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Electric   Starters  Re- 
quire a  Storage  Battery. 

— In  any  elertric  system  a 
storage  battery  is  always 
necessary,  for  in  order,  to 
crank  a  gasoline  engine, 
there  must  be  some  source 
of  electrical  energy  from 
which  the  cranking  motor 
may  draw  its  supply  of 
electricity. 


Tia.  8,038, — Entz  sii 


Without  it  there  would  be  no  electric  crankmg  devices.  The  first  func- 
tion, therefore,  which  the  storage  battery  serves  is  to  supply  electricity 
for  starting  purposes,  it  being  charged  by  a  dynamo  driven  by  the  engine. 


.._   _  ^  ..    .._    ,    Tho  dynaini 
it  by  the  dynamo,  any  Eu^lus,^  not  being" consunM 


■b«tlw¥.    Thedyoann 


.iS^if 


betft'eeil  the  dyn&mo  and  ba 
itotthedynanio.    Thecircui 

The  capacity  ci  baiccrr  ia  IS 
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IB  braclffli.    .Tbo  bemiog  iould  be  oiled  aMthen  fitted  x 


Win  wtfT   mm    .lock washer 
tin  wK  ■ 


MOWTWG  BMCttT 


STUmUfi  MOTOR 


fiEMUl  AVSIMILt 


:E    JHMT 
PIHIOH 


Btai.  9,031  to  8.0M. — Starter  and  dynanio  sSBembiy.  To  ramovo  dynamo,  fint  taia  out 
the  thi»  cap  ecrewB  bolding  it  to  the  froat  end  cover  and  by  placing  the  point  tu  a  acnw  drivef 
between  Uie  dynamo  and  front  end  cover,  the  dynamo  may  be  forced  off  the  engine  aaaembly. 
Always  Btart  at  the  top  and  face  dynamo  backward  and  downward  at  the  tame  time.  Flatea 
may  be  obtained  from  nearest  dealer  if  car  is  to  be  opeisted  with  dynamo  removed,  in 
Ttplaclng  dgnamo,  the  drive  pointer  must  be  properly  meshed  with  the  laise  tinu  nar, 
the  biacketto  which  thedTnamoia  bolted  lasqiarBCefrom  the  cylinder  block aniltbe  mCahinB 
d  the  seneretor  driving  pmioa  with  the  laise  time  Bear  can  be  retiulated  by  the  lua  <rf  otM  or 
more  paper  EBslceta  between  the  bracket  uid  the  cylinder  bloclc.  The  bracket  aboald  feat 
tightly  on  the  cnmk  case  gasket  and  line  up  with  the  face  of  the  lime  gear  case.  B  these 
^eara  be  meshed  too  tightly,  a  hummins  noise  will  result ,  aba  the  dynamo  shaft  will  be  thrown 
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Choice  of  Voltage. — The  pressure  used  on  the  di£ferent  light- 

^ ing  and  ignition  svs- 

/  ASK'K&B'SfA  ,ffiH^,  terns  is  six  volts,  »d 

1***1  1  Tf »;:=x--^j^  were   it    not    for   the 

\!/vV«»^£lJiii^ZlJt'"'"c'f  proWe"    of    crankini 
^TT^RY       1    „„™,   *^^^   probably  would 
not  be  any  reason  to 
change. 


Voltage  of  Units. — ^The  weight  of  six  volt  batteries  is  less 
than  that  of  the  hi^er  voltage  type.  Were  it  not  for  these  coo- 
siderations,  starting  mo- 
tors would  be  designed  for 
high  [iressure,  as  they  are 
smaller  and  consequently 
lighter.  High  voltage  for 
the  motor  does  not  neces- 
sarily mean  high  voltage 
for  the  dynamo  and  lights . 

There  are  three  general 


1.    All  one  voltage, 
either  6, 12, 16, or  18  volts; 

^*'  8,038, — Method  c*  drijing  a  generator  direct  from  eoginB  fly  wheel  by  frictioB  palhT 


L 
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toftj(n.B* 


Pig.  .8,037. — ^Diagram  of  oonnections  of  W««t- 
inc^ouse  dynamo  with  self-contained  regu- 
lator. The  regulator  performs  two  functions: 
1,  that  of  a  cut  out,  and  2.  that  of  a  voltajB^ 
regulator.  Each  function  is  performed  by  its 
i&dividua)  element  but  the  operation  of  the 
second  lunction  depends  upon  that  of  the 
first.  Wheii  the  dynamo  is  being  operated  at 
a  speed  below  the  predetermined  "cut  in" 
speed,  the  ooc^ia^  of  the  cut  out  are.apen, 
and.  viC4  versd,  %e  cut-in  speed  var.'es  from 
five  to  ten  miles  per  hour  on  high  gear,  de- 
pending upon  the  gear  ratio  and  wheel  diam- 
eter of  the  car .  For  voltage  raguiation,  the 
shunt  fields  of  the  dynamo  are  so  designed 
that  a  voltage  in  excess  of  normal  would  be 
XK^gularlv  generated  when  dynamo  is  oper- 
ated at  high  speed  and  no  load.  This  excess 
voltage  is  prevented  and  the  voltage  is  held 
constant  by  the  automatic  voltage  regulator. 
When  the  dynamo  is  operating  bdow  cut  in 
speed,  the  rM[uIator  contacts  are  doeed,  and 
remain  closed  till  there  is  a  voltage  in  excess 
of  the  predetermined  value.  This  voltage  is 
fixed  by  the  setting  of  the  voltage  regulating 
screw.'  When,  due  to  increased  speed  of 
dimamo.  the  voltage  tends  to  exceed  the 
value  for  which  the  regulator  is  set,  the 
r^ulating  contacts  open,  opening  the  direct 
shunt  fieM  circuit  and  cutting  in  the  regu- 
lating^ resistance.  This  causes  a  nomentuy 
'  drop  m  voltage  so  that  the  contacts  dose  again.  This  opening  and  closing  of  the  contacts 
is  repeated  so  rapidly  as  to  be  imperceptible  to  the  eye,  and  holds  the  voltage  constant. 
A,  voltage  regulating  screw;  B,  battery  terminal;  C,  rMfulating  resistor;  D,  cut  out  contacts; 
E,  series  coils;  F,  series  compensating  coils;  Q,  ground;  H,  regulator  shunt  coil;  J,  dynamo 
shimt  coil;  K,  commutator;  L,  brushes;  M,  r^iuiating  contacts;  N ,  shunt  compensating  coU; 
O,  cut  out  armature. 


J/tffin^  Mftt^ 


Diiving  Pimofi 


Sttrtutg  Switch 


^  JSt§rtf^  n$tQt 


DrimgPinm 


Stwitnq  Switch 


rTfWhnl^*'^ 


Figs.  8,038  and  8,039. — Diagrams  of  WestinghouSe  electrical  and  mechanical  connections, of 
doable  reduction  motor  and  switch  for  automatic  screw  pinion  shaft.  Big.  8,038,  with 
hand  or  foot  operated  starting  switch:  fig.  8,039,  with  electro-magnetically,  operated  starting 
switch  controlled  b^  push  button.  In  the  figures,  when  the  starting  switcn  is  closed,  the 
full  battery  voltage  is  impressed  on  the  motor,  and  it  starts  immediately.  The  pinion,  when 
the  motor  is  at  rest,  is  within  the  screw  shift  housing  and  entirely  away'ifrom  the  fly  whssl 
gear. 


4,064  -.?04     STARTING  AND  LIGHTING  SYSTEMS 


€4wN«(| 


is 

€Ht<J>- 


& 


C 


I 


< 

€>-T<|p»^ 

I 
11 


€h-m-m. 


1 


• 


o  6  -*^  J 


'1 


O 


1^.' 


B^ 


Hyyww;^ 


113 


S  ossi 


STARTING  AND  LIGHTING  SYSTEMS     70S  -  4,066 

m  « 

2.  Generating  and  starting  at  12,  16,  or  18  volts,  and  lighting 
at  6,  8,  and  16  volts  respectively. 

3.  Generating  and  lighting  at  6  volts,  and  starting  at  24  or 
30  volts. 

One  Unit  Systems. — ^The  term  **one  unit"  as  applied  to  an 
electric  starting  system  means  that  there  is  a  motor  and  dynamo 
combined  in  one  machine ^  or  motor  dynamo,  as  it  is  called,  the 
dynamo  furnishing  current  for  the  starter,  and  for  charging  the 
storage  battery. 

Two  Unit  Systems. — ^This  classification  indicates  that  the 
motor  and  dynamo  are  separate  unitSy  as  distinguished  from  the 
one  tmit  system. 

There  is  another  system,  ill  advisedly  called  two  unit,  consisting  of  a 
tnotor  dynamo,  and  a  magneto.  The  reason  for  this  confusion  is  because 
some  dynamos  are  arranged  to  furnish  current  for  ignition  when  not  charg- 
ing the  battery,  thus  ignition  has  to  be  considered  in  the  classification  S) 
distinguish  the  last  mentioned  system  from  the  arrangement  of  three 
independent  units. 

Three  Unit  Systems. — This  division  comprises  those  sys- 
tems which  have  a  motor,  dynamo,  and  magneto  each  separate. 

Here,  each  unit  has  a  single  fimction  and  is  only  electrically  associated 
with  the  rest  of  the  apparatus  in  the  system.  Thus,  the  dynamo  supplies 
current  for  charging  the  battery,  which  in  ttim  delivers  ciurent  to  the 
motor  and  ignition  system  at  starting,  and  also  to  the  lighting  system,  the 
magneto  furnishing  ctureiit  for  the  ignition  system,  \Aen  the  engine  is 
running. 

The  term  three  unit  system  applies  only  to  "starting,  lighting  and  igni- 
tion systems,"  as  distinguished  from  "starting  and  lighting  systems." 

Control. — In  any  electric  system  where  there  is  a  dynamo 
and  a  storage  battery,  two  control  elements  are  necessary  for 
the  proper  working  of  the  system: 
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1.  Means  for  preventing  reversal  of  current  when,  the  dynamo 
is  cliarging  the  battery;     2.  Means  for  limiting  dyniino  voltage. 

When  the  eogine  U  slowed  down  the  speed  of  dynamo  is  also  reduced; 
iriiich  causea  the  pressure  induced  in  the  annature  to  become  less  than 
the  battery  pressure  against  ^riiich  it  must  force  the  current  in  charging, 
aad  acccrrdingly,  unless  some  Butomatic  device  be  provided  to  break  the 
circuit  when  sudi  condition  obtains,  the  current  wiU  reverse  and  flow  out 
ol  the  battery.    This  automatic  device  is  called  a.  discriminoiing  cut  out  ot 
reverse  current  circuit  breaker,  and  counts  of  an  electromagnet  connected 
in  the  dynano  circuit,  which,  when  the  dynamo  generates  sufficient  pres- 
sure to  charge  the 
lattery ,  will  attract 
.a armature  and 
Jose  the  circuit  be- 
ween  the  dynamo 
ind    battery,   and 
vhich  will  also  open 
hecircuit  when  the 
lattery  pressure  be- 
omes  greater  than 
liBt  induced  in  the 
lynamo. 

Agun  when  the 
ngine   speeds  up, 
rhe  voltage  in- 
xeases  and  some 
orm  of  regulator 
,  must  be  provided 
•  to  prevent  undue 
rise  d  voltage 
otherwise  the 
,    battery  would  be 
'    charsed  at   too 
hieh  a  rate. 
.      This  regula- 
3  tion  may  be  ef- 
fected :  1,  me- 
chanically; 2. 
electrically,  or  3, 
thermally. 

Pig.  S,05I.— WsgiMT  dynamo  of  two  unit  itanins  ud  lighting  nntem.    The  drive  ii  thniush  * 


valent.    The  ninding)  ai 

I'liniVthBC 


.'S  ^^l'"f  ''Vr^*™  required  eiccp^t  ■  cut  out.    la  cantlrut^lm,  the  ci 


The  bruihee  H  and  I.  coLlcct  the  current  fioa  Ihe  conutiuUtor 
cbuBiBBthaUltery  throuahthecuHmtK,  Thelmiihei  Fani 
the  oommutetor  and  funush  thia  cuiieat  for  eicitiiiB  the  fidda. 
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CHAPTER  129 


Electric  Vehicles 


Vehicles  propelled  by  electric  motors  supplied  wit^  current 
fot  storage.  bd.t$C9*ies  have  a  travel  capacity  ranging  from  75  to 
100  miles  per  .ch^rge^ with  ccmtroUer  arrangements  for- providing 
spieeds  varjring  from  6  to  25  miles  per  hour.  In  these  cases  tiie 
number  of  cell  in  each  battery  may  vary  from  10  to  30  according 
to  the  makS  ^dd  humber  of  plates  in  each  cell.  The  number 
of  plates  in  ^bh  cell  may  vary  to  suit  spedal  <^nditions^ 


Gasoline-Electric  Yefaicles.— A  not  altogether  ^uccesi^  at- 
tempt has  been  made  to  eliminate  the  shortcomings  of  each  by 
combining  the  gas  engine  with  a  dynamo  conneqted  to  a  storage 
battery,  for  supplying  the  t)OT;fer  required  by  tike  electric  motors. 

Such  a  combination 'will  operate  at  practically  constant  speed  at  all 
loads,  as  the  dynamo  with  the  storage  battery  serves  to  furnish  the  neces- 
sary overload,  or  consumes  that  portion  of  the  energy  which  is  not  needed* 

• 

Motors  for  Electric  Vehldes. — ^These  are  of  the  enclosed 
type  of  construction,  which  of  necessity  they  must  be,  in  order 
to  protect  them  from  dtist,  etc.,  in  their  exposed  positions  under 
the  car.    They  are  designed  for  overloadsf  of  200%  or  cmore. 

Drive  or  Transmission,— ^Because  of  the  relatively  high 
speed  of  the  motor  as  compared  with  that  of  the  rear  wheels  of 
the  car,  a  system  of  gearing  is  necessary  between  the  motor  and 
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rear  axle  to  obtain 
the  necessary  velo- 
city reduction. 
Moreover,  in  some 
cases,  other  gears 
must  be  provided  so 
that  tiia  power  may 
be  appli^  to  the 
'  rear  shaft  when  the 
motor  ^laft  and  rear 
shaft  are  at  right 
Angles  to  eac!^  other. 

Pro.  S,0S3. — %itls  motor  attulied  to  iwr  u]«  tbrouclt  ktrrlxibvmt  m^  nOucHaii  gnn 

Pig.  8.0H  and  S.OSS.— RuKdi '  ud 
Luig  voUcle  nutw.  lialnaMona 
for  €»!■•  af  motori  The  two  cA 
coven  lead  to  the  bttU  bsuinai  in 
tbttaolMVOIat.  A.goBignat of 


•hould  be  i^Ioced  with  new  «■ 
— ' — ^  ^-vm  out.    ThcM  *'—— ' 

OB  nplsced  with  ] 

H  HOB  ai  tne  DKUUKment  is  xb- 
ducedtolkmchM.  ItiiUfBTto 
nidM*    UUM    bnUhei  _  <rftan, 

too  ibort.  Verr  Kriotn  damac* 
nwy  mutt  from  sdne  bnahes 
that  an  too  ihort  or  onea  that- 
maks  poor  contact  wltli  tha  connnulator. .  Bniihzs 

poor  contact  wiH  ptt.  bum  and  blacken  .toe  surfaca  —  ,  ___...„....„.  ^    .^ 

bruihea  ituald  be  mad*  only  by  an  eiDeiiEnesil  penan.    Tbe  inotor  leadl  aiw  ._  „„.  .„ 
motor  through  iniulatod  boiei.    The!))  holes,  lettered  J3.B.A,&3  and  P.com^oDdto 


tbe  letter  contacts  on  the  contreiler  into  whkh  (her  are  connected.    The  motor  bnlce 


may  be  a^iitled  (or  weal  t^  mean*  of  theipinaed  nut  14.350.  Clenjance  between  brake 
iawt  and  wheal  maybe  adjuMcd  by  meana  of  fiie  acrejv  11,271.  To  remove  bn^ice  wheel 
S™aiinatareshaft,takotheVi>KrewC,outofthecapl*.181.    A.pi  inch.  12  pitch  bolt. 

'J 


,-- ..,  __piiiidi.l2nitehbolt, 

or  a  cap  screw  may  then  be  screwed  throuj^  tha  thnads  in  tne  cap  and 


mger,  or  a  cap  screw  may  th 

„ w  end  of  tliB  armature  shaft, 

3a  drawn  off  the  shaft. 
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:.|||  i  There     are    several 

'■3||  I  formsof  drive,  as  by  1. 

'  III  I  Herringbone     gear;     2. 

'■|jl  g  chain  gear;3.  worm  gear. 


Herrt7itbon0  drti>€. — 

This  drive  is  citensivdy 
used  because  of  its  free- 
domfrom  noise,  ita  simpli- 
dty  and  durability  owing 
to  the  parta  being  enclosed. 

Chain  Drive.  —  This 
form  of  drive  is  desirable 
for  heavy  service,  vs  on 
very  large  trucks.  It  is  a 
noisy  and  dirty  mode  of 
power  transmission,  and 
when  not  enclosed  is  sub- 
ject to  rapid  wear.  Avery 
objectionable  feature  of 
chain  drive  is  the  fact  that 
the  chain  sometimes  climbs 
the  teeth  due  to  consider- 
able wear  w  to  too  little 
dearance. 

Combination  Chain 
and  G«ar  i>riM.— For 
very  heavy  trucks  ^ere 
a  considerable  reduction  in 
speed  is  required  between 
the  motor  and  wheels,  a 
double  reduction  is  some- 
times used.  The  motor  is 
usually  hung  above  the 
Ep-ings ,  thus  being  protect- 
ed from  the  jars  of  travel. 

tliere  are  several  forms 
of  double  reduction  using 
light  high  speed  motors 
by  means  of  various  com- 
binations of  gear  and 
chain,  with  silent,   roller 


4,072-712 


ELECTRIC  VEHICLES 


chains  or  berdng- 
bone  g;eajs  for  the 
first  Hduction,  and 
single  o  r  double 
roller  chains,  bevel 
gears  or  bermigboiie 
gears  for  the  second 


Controllers'.  — 

The  form  of  con- 
troller adapted  to 
electric  vehicle  use 
consi  »ts  of  a 
rotatable  insulated 
cylinder  carrying 
on  its  circumference 


a  number  Oj  con- 
tact, arranged  to 
make  the  desired 
connections  with 
the  terminals  of  the 
various  apparatus 
inthecircuit  through 
a  wide,  range  of 
variation 

Some  controllers 
are  constructed  with 
a  cylindrical  surface, 
upon  which  bear 
amgle  leaf   springB, 


the 


desired  eleotricM 
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randttw 


rough  edge*. 
The  contact 
plates    e.523-B 

and  the'ahoea 
7513-A.  are  the 
ODH  that  be- 


J,063. —  Diapnim  of  the  controlling 
iiBtus  o£  a  lisht  flectrio  vehicle.  A, 
[C  pedal;  B.  ratchet  retaining  pedal  in 
e,  operated  \>y  letl  foot;  C,  duE  board: 
■  ■■■  E.  Etpering  handle;  F.  con- 
ocker  shaft  for  settag 


—Wavaly  douUe  reduction  gear  or  combinatioa  bemngbooe  and  so  called  "silen 


wing  ball  and  Backet  aj 
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Figs.  8.000  to  8,071  .-^Diagrams  shewing  methods  of  speed  changing  in  a  typical  one  battery 
unit^  two  motor  circuit.  Th9  Mr9t  apeiwl  shows  the  two  motors  in  series,  with  a  resistance 
coil  mterposed:  the  Becond,  the  motors  in  seriei,  without  the  resistance;  thm  third,  the 

motors  in  parallel. 

^G$.  8,072  to,8.074.— Diagram  showing;  methods  of  speed  chansiog  in  a  two  battery  unit, 
.  two  motor  circuit,  showing  combinations  for  three  sjieeds.  The  Mnt  mpemd  is  obtained 
'  with  the  battery  units  in  iMirallel,  and  the  motors  in  series,  the  meoond,  with  the  battery 
units  in  series  and  the  motors  in  Series;  the  thttd»  with  the  battery  units  in  series  and  the 
,    motors  in  parallel. 


made  by  suitably  connected  con- 
ducting surfaces  on  the  cylinder 
circunuerence,  and  cut  outs  being 
similarly  accomplished  by  insulat- 
ing surfaces  y  bearing  against  the 
spring  contacts  at  the  desired 
points.  This  type  of  controller  b 
one  of  the  most  usual  forms  for 
motor  vehicle  purposes. 

Troubles. — In  order  to 
properly  cope  with  the  nu- 
merous disorders  a.n4  mishaps 
likely  to  be  encotmtered,  the 
following  points  relating  to 
troubles  may  be  found  help- 
ful: 


Oil-S 


Hli|iliIiH|i|i|iliF 


^|lIl|||lHIl|l|l|lH 


MNL 


9*^.*^eto 


H|.i|i|i{iHli|ilHiK 
<H|i|i|iliHi|i|iIih 


jnm 


Ties.  8.075  to  8,077. — ^Diagrams  showing  combinations  lor  three  speeds  in  a  typical  four 
battery  unit,  single  motor  circuit.  The  only  changes  made  in  these  circuits  are  in  the  battery 
connections,  for  the  first  apMMf  the  battery'  umts  are  in  parallel;  for  the  eecond,  m 
series  parallel;  for  the  thud,  in  senes.    The  motot  connections  are  not  varied. 
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Pig.  8.078.~Diagnm  plan  •t  the  ssveral  parts  of  an  elaetric  vdiicle  driving  cifcuit. 
fiaU  windinM  and  afmatures  ate  shown  prc^jected,  the  i>tx>per  wiring  connections 
indicated.  The  periphery  of  the  controller  u  laid  out  within  the  broken  line  rectangle, 
•tiie  oontacta  and  connections  through  it  for  varying  the  circuits  through  four  n>eedi 
*^  '  ~  shown.    For  Mnt  mpeed  the  controller  is  rotated  so  that  the  row  of  terminal  points, 


A,  B,  C,  D,  B,  P,  G,  are  brought  into  electrical  contact  with  the  row  of  terminal  peintau 
•a  the  controller.  A',  B'.  C,  D^,  £',  P'.  G';  this  connects  the  two  unit  battery  in  paralM 
and  the  field  windings  of  the  two  motors  in  series.  A  further  movement  of  the  controller, 
bringing  t^e  points.  A,  B,  C,  etc..  into  contact  with  A*,  B*,  O,  etc,  gtvem  Mcond  mp^ad, 
Hw  batteries  now  being  in  parallel  and  the  fields  in  senes  parallel.  FiMr  third  yd,  the 
pomts  B  and  C  are  brought  into  contact  with  B'  and  O,  and  B  and  P  with  E*  nnd  F*, 
which  means  that  the  batteries  are  connected  in  series,  and  the  fields  in  series.  Similarlyi 
lor  fourth  meed,  the  points  B  and  C  are  brought  into  contact  with  B*  and  O,  and  D,  B, 
P,  Gr.  with  D«,  a*,  F*,  C*,  which  means  that  the  batteries  are  in  series  and  the  fields  in 
parallel.  The  connections  be^een  the  battery,  the  armature  brushes,  and  the  motor 
wds.  are  made  as  indicated  thxmm^  the  rotary  reversing  switch  by  the  terminals,  K,  L, 
WLf  N.  Thi^  switch  may  effect  the  reversal  of  the  motors  by  giving  a  quarter  turn  to  its 
spindle,  which  means  that  the  contacts  of  segment  X,  wilt  be  shifted  from  L  and  K  to  E 
•M  N,  and  the  oontacts  of  segment  Y,  shifted  from  M  and  N  to  L  and  M,  thus  reversing 
lbs  direotien  of  the  current. 
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1.  If  vehicle  run  too  slow,  look  for  the  following: 

a.  Deflated  tires.  6.  Slow  tires,  due  to  other  makes  having  been  substituted 
for  those  furnished  by  the  manufacturer  of  the  vehicle,  c.  Bxolcen  beaiingB  in 
wheels,  countershaft  or  motor,  d,  Shaes  not  making  perfect  contact  on  face  of 
controller,  e.  Brushes  not  making  perfect  contact  on  commutator  due  to  being 
too  short,  or  commutator  being  duty.  /.  Broken  battery  jar.  solutiDn  having 
partly  leaked  out.  •  g.  Brakes  rubbing  when  they  are  supposed  to  be  thrown  off. 
n.  Battery  exhausted. 

2.  If  the  cttirent'be  higher  than  usual  when  niifning  on  the  level,  look 
for  the  fallowing: 

0.  Tight  bearings,  b.  Brakes  rubbing,  c.  Silent  chains  too  tight,  d.  Front 
wheels  out  of  ali^iment.    «.-  Tires  deflated. 

3.  If  needle  en  anuneter  vibrate  more  than  usual,  naovtag  up  and  down 
very  rapidly,  look  for  the  following: 

a.  Blackened  commutator,  b.  Commutator  brushes  worn  too  short,  c. 
Loose  connections  at  battery  terminals  or  at  connections  on  controller,  d. 
Broken  wire  leading  to  met«r. 
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^G.  8 «079.— Diagram  of  controller  connections  ci  one  unit,  one  motor  circuit,  witlx  variable 
fields. 

^G.  8,060. — Diagram  of  controller  connections  of  a  four  unit  one  motor  circuit, 'with  constant 
series  connections  for  fidds  and  armatures  in  forward  and  backward  speeds. 


4.  If  vehicle  refuse  to  run,  look  for  the  following: 

a.  Broken  jar  in  battery,  b.  Broken  connections  between  cells,  c.  Broken 
terminals,    d.  Open  motor  leads,    e.  Broken  connections  On  any']>art  of  vehicle. 

5.  In  case  vehicle  do  not  run  on  any  of  the  speeds,  first  examine  those 
connections  that  are  easiest  to  get  at,  viz: 

a.  Those  at  the  end  of  the  batteries,  b.  The  connectinfl[  straps,  connecting 
one  cell  to  another,  c.  The  wires  going  into  the  circuit  closing  switch,  d.  The 
springs  on  the  controller  arm  and  the  copper  shoes.  Be  stire  that  thev  make 
contact  with  plates  on  the  controller  face.  e.  See  that  there  are  no  wires  hanging 
loose,  that  appear  to  belong  in  the  controller.  /.  If  the  trouUe  be  not  found  m 
some  one  of  these  points,  it  would  be  best  to  have  an  expert  examine  the  machme. 
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CHAPTER  130 


Electric  Railways 

t  I 

The  extoisive  development  of  the  electric  railway  hai  fm 
rise  to  numerous  systems,  which  may  be  classified  jn  Wen! 
waySp  thus 


1.  With  respect  to  the  cur- 

rent, as 

a.  Direct; 

b,  Ahernating; 

2.  With  i-espect  to  the  meth- 

od o{  current  generation, 
as 

a.  MedumicalWydf*^; 

\gas  eoguM. 
h,  Chemicai{fltorag«  battery. 

3.  With  respect  to  the  power 

system,  as 

a.  D.  c.  transixiSssion  and 

distribution; 
6.  il.  c.  transmission,  d,c, 

distribution; 
«•  A.c.  transmission  and 

distribution 


4.  With  respect  tG^ttttnr- 

rent  collecting  Mees. 
as 

a.  TkoUey; 

c.  Third  tail; 
d*  Conduit*  . 

5.  With  respect  to  ttelB» 

tion    of    the   d#sl 
source,  as 

a.  External  fpoirarflMte) 
h.  On  the  carfSSSlttk 

6.  With  respect  toliilp 

bution  presaiii^; 

a.  Low 
h.  High 


7.  With  respect  to  the  service,  as  ,'[ 

^j.    ,.       [elevated;   J.  Interurban  or  suburban;  d.  tofifl^^ 
a,  aty  hnes  jjj^^.     c.  Long  distance  lines;  Vm 
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A.  C.  Transmission,  D.  C. 
Distribution. — This  system  is 
in  general  use  for  suburban  roads 
and  the  larger  city  systems. 

Js  The  advantages  accruing  from  the 

use  of  both  alternating  and  direct 
current  must  be  evident,  thus,  a  largo 
amount  of  power  can  be  transmitted 
by  alternating  current  at  high  voltaf^ 
reducing  the  cost  ot  copper  to  a  tmm- 
mum,  and  by  means  oi  rotary  con- 
verters, converted  into  direct  current 
of  suitable  workine  voltage  for  the 
motors  at  the  disttSiution  points, 

A.G.  Transmistion  and  Dis- 
tribution.— For  current  supply, 
a  single  phase  alternator  may  be 
used,  or  one  leg  of  a  three  phase 
madiine. 

For  short  lines  the  alternator  may 
be  wound  for  the  trolley  volta^,  but 
for  long  lines  a,  high  pressure  machine 
is  used  with  step  down  tranaformtf 
substations,  or  a  mediiun  pressure 
machine  with  step  up  and  step  dowa 
transformers.  Trolley  voltages  of 
3,300.  6,600,  11,000  and  as  ^A  as 
13,000  are  in  use. 

Ovo'liead  Trolley  Sj^tem.— 

Jn  this  arrangement  which  is 
lai^ely  used  in  towns  and  dties, 
the  current  for  the  motors  U 
taken  from  an  overhead  wire  by 
means  of  a  "traUey"  with  grooved 
wheels,  which  is  held  up  against 
the  wire  by  a  flexible  pole. 
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The  wires  from  the  contact  wheels  pass  down  the  pdie  to  the  car  con- 
troller and  thence  to  the  motor,  the  return  circuit  usually  being  through 
thentils. 

Surface  Contact  System. — This  system  may  be  advantage- 
ously used  in  some  industrial  works  where  an  overhead  trolley  is 
objectionable,  and  a  third  rail  is  not  permissible. 


1  and  harp.    The  <pna^  S,  attached  to  frame  K,  pi 
— --'-"01  £cx}d  electncal  contact- 

8,080  and  fi.OOO. — Section  thrDUflh  trolley  showing  lubricatiiif  bushins  B.  and  viei 


)1.— Trolley  base.  ^••Aoirn.thepoleP.teraiinatea  in  a  (orkP.attaeliedto  apairot 
S.S.  lorming  a  frsme,  capabLe  of  revolving  about  a  vertical  a>i»  V,  ao  as  to  accom- 
e  the  pole  and  trolley  to  tumi  or  eurvMin  the  track  and  trolley  wire.  The  rpinX 
1  G,  maintain  ti  tension  upon  thog  secton  tending  to  fores  the  pole  P,  upwaid. 


The  Westinghouse  surface  contact  system  requires  no  poles  or  ovetbai 
wires  and  leaves  yaxds  and  buildings  free  of  all  obstructions.  The  cunor. 
is  su{^1ied  to  the  motors  through  contact  buttons  which  are  cotmected  U 
8  feeaer  cable  laid  along  the  track,  tiirough  electromagnetic  switebcs 
tbe  buttons  ore  "dead"  except  those  direcUy  under  the  motor  can  a 
locomotives. 

Third  Rail  System. — In  this  system  a  rail  called  the  "thiid 
rail"  is  laid  outside  the  track  rails.     The  current  is  taken  by 


'ip.  8.092.— Pantograph  trolley  lot  usa  on  hiEh  speed,  bigh  pressure  lines.  It  isuooibi^T 
held  in  contact  by-  a  t^prins  oiid  may  be  raised  or  lowered  by  compressed  air  contnl  in  dx 
niotoRiiBn's  cab.    The  tndleys  on  the  entile  train  ma/  be  thus  simulIaneoDslr  coomiki 


le  as  uaed  on  the  Manhattan  Ef 


means  of  a  suitable  contact  shoe  which  slides  along  the  rail,  and 
the  car  is  controlled  by  the  motonnan  as  in  the  case  of  a  trolley 
car.  This  system  is  extensively  used  on  elevated  railways  and 
subway  systems. 


Underground  Trolley  or  Conduit  System. — This  is  a 
metallic  circuit  system,  there  being  two  insulated  conductors 
supported  in  a  conduit. 


The  cturent  is  taken  bi 
a  tro11«y  which  extend 
from  the  car  into  the  con- 
duit through  a  central  slot 
and  makes  sliding  contact 
vnth  the  conductor. 

This  system  . 
the  streets  of  large  cities 
where  the  use  of  overhead 
trolley  wires  are  objec- 
tionable, but  the  cost  of 
construction  is  very  great . 


nilmy.  New  Ysric 


MotfH'  Types  Employed. — There  are  three  types  of  motor 
in  use  for  electric  railways;  the  direct  current  motor,  the  single 
phase  commutator  motor,  and  the  three  phase  induction  motor. 

Motors. — The  severe  operating  conditions  of  railway  service 
demand  a  motor  differing  in  many  respects  from  the  ordinary  ma- 
chine. 


3.  B.COS, — D.c,  lai'.wav  motor.  cBcinE  closed.  A*  thaan,  the  armatura  ihatt  A,  prajKti 
.htoueh  iti  bi'^ring  B,  lubricated  by  the  STcaM  bii  C.  and  ii  connded  nilh  tha  ur  ailt 
oy  gear  whteJs  enclpied  in  Ihs  gear  cover  1).  The  gears  »ervo  to  reduco  the  ipeid  of  the 
:ar.  and  aUo  to  incnaia  the  e»ECIive  pull  of  the  motor  The  car  ails  pai<H  through  tbe 
jearing  E  tuhricaled  b>  the  greaie  boi  P.  The  uiolor  a  siipporled  on  the  trucJi  by  the 
ugt  G.C  The  commulatir  Soor  H  give!  access  to  the  biiishei.  while  a  mgio  complele 
nspeclion  □   the  uoiliini,  parti  may  be  obtained  by  thioiving  back  the  u(ipei  half  oi  tlie 

rhe  iojulatra  cables  thown  kt  N ,  pan  through  the  casing  and  lupply  tunenl  to  the  molor. 
:,  S  CS9  —D.C  I  a  ilway  motor  casing  open  At  ihoien.  A. is  the  aimatun;  B,  commutator, 
::.C  brushes;  D  upperpolajE.upper  field.  The  pinion  F. secured  to  oneendohheatmalurt 
ihaft  enga^s  with  a  gear  wheel  on  the  car  ■  ale,  nhich  pssses  through  the  beailngs  C,C. 


8.100  and  S.tOt.— Various  motor  Eunienuons.     Fie.  3.932.  Pennsylvania  Beai 
ir  wilhconoecCing  roda;  fig.  3,S33,  geared  moton  with  I'oke,  orcRoaaouilyulkifSR 
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The  principal  requirements  are:  1,  that  it  shall  be  dust  and  water  proof 
because  of  its  exposed  location  beneath  the  car;  2,  it  must  be  ca|>able  of 
very  heavy  overloads  to  secure  quick  acceleration  at  starting;  3,  it  must 
be  compact  because  of  the  limited  space  available;  4,  large  bearmgs  with 
efficient  self -oiling  devices  must  be  provided  to  secure  long  operating 
periods  without  attention. 

Motor  Suspension. — Usually  the  motor  is  constnxcted  with 
a  set  of  bearings  on  one  side  of  the  frame,  in  which  bearings  the 
axle  of  the  car  wheels  rotate. 

Mounted  upon  this  axle  is  a  large  gear  which  meshes  with  the  pinion 
gear  on  the  end  of  the  armature  shait,  the  gears  being  protected  from  dust, 
etc.,  by  a  casing.  The  side  of  the  motor  opposite  to  that  containing  tiie 
car  axle  is  usually  fastened  to  a  bar,  which  in  turn  is  mounted  upon  springs 
connecting  it  to  the  car  truck. 

There  are  numerous  forms  of  suspension,  and  these  ma^  be  classed  as: 
1,  cradle  suspension;  2,  nose  suspension;  3,  ^oke  suspension;  4,  parallel 
bar  or  side  suspension;  5,  twin  motor  suspension. 

The  cradle  auspenaion  consists  of  a  U  shaped  bar  fastened  to  the 
truck  at  the  middle  of  the  U.  It  is  intended  to  x^eve  the  bearings  of  the 
weight  of  the  motor,  and  is  now  semi-obsolete. 

No8e  8U9penaion  consists  in  casting  a  projection  or  nose  on  the  motor 
frame  and  fastening  it  to  the  motor  tnick  by  means  of  a  heavy  link,  tbe 
object  beiag  to  distribute  the  weight  of  the  motor  between  the  car  ude 
and  the  truck.    It  is  the  prevailing  method. 

Yoke  euspeneion  consists  in  rigidly  bolting  a  cross  bar  to  seats  cast 
on  the  motor  casing,  the  ends  of  these  bars  being  spring  supported  to  the 
truck  frame. 

In  parallel  bar  or  eide  euapeneion  there  are  two  parallel  bars  fastened 
to  the  car  truck,  supporting  the  motor  on  springs  at  its  center  of  gravity. 

With  twin  motors,  two  motors  of  equal  capacity  are  mounted  above 
each  axle.  Each  motor  is  provided  with  a  pimon  and  the  two  pinions  of 
the  pair  of  motor  mesh  with  a  single  gear  which  is  mounted  on  a  quill 
surrounding  the  driving  axle. 

Motor  Control  Systems. — ^The  speed  requiremcHts  for  trac- 
tion motors  give  rise  to  several  control  systems,  and  the  appar- 
atus employed  to  effect  the  proper  sequence  of  connection  cor- 
responding to  the  system  of  control  adopted  is  known  as  a 
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controller.      A    comprehensive  classifix:ation  would  divide  the 
various  systems 

1.  With  respect  to  the  method  2.  With  respect  to  the 

of  operation,  as  current,  as 


3.  With  respect  to  character  and  sequence  of  connections,  as 


IXD  [mm  [o  o  ^"s^" 
[jnonie  n  a  iifnminn  ^v^ 


heflaCTadultypE.    Twom 
TleJcontaclsoTRm--      ■ 

.16. — Diaeram  of  a 


a.  Direct  current 


b.  Altematiag  current 


induction  repilat< 
chmpgcftble  pole; 
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4.  Witli  respect  to  the  method  of  transition, 

a.  With  power  off; 

b.  With  series 

hand  c_       ..  .     , 

can  vary  the  current  value  without  any  time  limit  a 

Automatic  control  includes  certain,  automatic  devices  which  prevent 
the  motorman  applying  to  the  motors  a  current  greater  than  a  predetermined 

rfte  maater  or  midti-unit  control  system,  ill  advisedly  called  multiple 
imit  control,  is  one  in  which  the  motors  on  each  car  of  a  tram  of  several  can 
are  controlled  from  one  master  controller. 


Rheoatatic  control  consists  in  pro- 
gressively cutting  out  sections  of  a  re. 
sistance    connected  in  series  with  the 

The  method  of  Seld  control  consists 
in  varying  the  intensitj'  of  the  motw 
fidd  magnets,  by  dividing  the  coils 
into  two  sections  and  arranging  the 
controller  to  give  a  proper  sequence  U 
connection. 

The  aeriea  parallel  control  is  used 
with  two  or  four  motor  equipments. 
The  sequence  of  connection  for  a  two 
motor  car  during  the  control  period  is 
as  follows:  1,  both  motors  connected 
in  series  with  control  resistance,  2,  con- 
e  progressively  reduced,  3, 


.  8,117. — Ordinary  iheostatic  controller.    In  opcraf'on.  the  current  passina  through  Ibi 

hich  produce*  a  powerful  mMiwticfliiit  ground'  the  couUct  mrfiees  of  the  springs  D^D.D. 
t  the  iostant  the  circuit  it  Croken  either  in  changiTig  connections  or  when  tlie  currecl  a 
itirely  ehiit  oS,  the  influanca  of  thig  powerful  magnetic  Sui  prevent!  the  severe  spHrldig 

he  leversinscylimUr  H.  cinie*  four  conducting  segments  K,  ind  a  corresponding  numbci 
E  contact  spring  L.  By  moving  the  handle  M,  through  an  arc  of  about  60  degren.  Un 
^mcnts  in  contact  with  the  ipringa  L,  can  be  changed  and  the  diiection  of  the  cunut 
irou^h  the  armature  of  the  motor  reveraed,  thereby  causing  it  to  rotate  in  the  opprsEf 
ireclion  and  back  the  car.  As  the  reversing  operation  cannot  be  safely  accompUdicd  whilt 
le  motor  IS  Tunning,  the  handles  C  and  M,  are  made  interlocking  so  that  the  latter  canoot 
e  moved  unlt^ss  the  former  bo  in  the  "off  position."  The  proper  operation  of  a  contrnCtf 
»iuires  that  all  the  successive  contacts  be  made  and  none  omitted.    This  is  insured  by  Iba 
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bridge,  so  that  after  the  two  motors  are  in  full  series  position,  the  reds- 
tances  may  be  placed  in  circuit  again  in  parallel  with  the  motOTS  without 
opening  the  circuit.  The  two  motors  are  then  connected  in  parallel  with 
each  oUier  and  each  in  series  with  its  own  resistance. 

A.C.  Control  Systems. — In  the  compensator  method,  the 
impressed  pressure  is  gradually  increased  by  progressively  cutting 
out  sections  of  the  compensator  or  auto-transformer. 


parallel  method  a< 


group  is  short  eirc 


along  the  change  f  i 


The  induction  regulator  method  employs  an  induction  regulator  which 
consists  of  two  coils:  a.  primary,  and  a  secondary,  which  are  wound  upMi 
separate  cores  and  are  capable  of  angular  adjustment  for  changing  the  di- 
rection of  the  flux  from  the  primary  through  the  secondary  so  that  the 
voltage  generated  in  the  secondary  increases  or  decreases  the  voltage  sup- 
plied to  Uie  motors  by  the  auto-transformer  accordir^  to  the  relative 
angular  position  of  the  secondary  to  the  primary. 


Three  Phase  Induction  Motor  Control. — Rheostatic  con- 
trol is  applied  to  three  phase  induction  motors  by  arranging  a 
variable  resistance  in  series  with 
Ike  armature  winding  and  pro- 
gressively reducing  it  as  the  motor 
speeds  up,  till  at  full  speed  or 
the  last  step  of  the  control  all 
the  resistance  is  cut  out. 
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With  this  control  the  slip  ring  or 
external  resistance  motor  is  used.  In 
the  changeable  pole  method  the 
number  <n  pole  may  be  altered  to 
secure  variable  torque  either  by  pro- 
viding the  motor  with  independent 
field  windings,  or  by  regrouping  the 
field  coils. 

Cascade  operation  consists  in  the 
variotis  combinations  of  two  motors. 
The  armature  of  the  two  motors  are 
mechanically  connected,  the  field  of 
the  first  is  connected  to  the  supply 
and  the  armature  to  the  field  of  the 
second  motor;  the  armature  of  the 
second  motor  is  connected  lo  the  ex- 
ternal resistance  at  start.  As  the 
motors  speed  up,  the  external  resist- 
ance is  cut  out  till  armature  of 
second  motor  is  short  circuited.  For 
motors  of  equal  number  of  pole, 
after  reaching  maximum  speed,  they  may  be  separated  and  each,  having 


— WftstinghouK  type 


resistance  inserted  in  its  armature 
the  supply.  For  maximum  effort  t 
gressively  cut  out  resulting  in  full  parallel  operation. 


In  the  single  control  cascade  method  the  second  motor  is  cut  out  after 
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the  period  of  concatenation.    In  parallel  single  cascade  control,  motors  are 
employed  having  a  diflferent  number  of  pole,  or  different  gear  ratios. 

In  operation,  when  the  motor  with  the  greater  number  of  pole  reaches 
synchronism,  it  is  cut  out.  If  the  motor  with  the  lesser  number  of  pole  be 
cut  out  instead,  the  train  will  operate  at  a  speed  between  that  corresponding 
to  concatenation  and  that  for  the  free  running  of  the  motor  with  the  lesser 
number  of  pole  with  armature  short  circuited. 

The  changeable  pole  and  cascade  methods  are  combined  by  first  making 
the  sequence  of  pole  chainge  and  then  applying  either  of  the  cascade  methods, 
thus  giving  several  speeds. 


UGHTNiNG 
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Fig.  8.150. — ^Westinghottse  auxiliary  contactor  eqmpznent.  A  contactor  eqitipment  consists 
of  a  powerful  pneumatically  operated  switch,  or  "contactor."  mounted  beneath  the  car  and 
connected  to  tne  main  reservou:  of  the  air  brake  S3rstem.  The  switch  is  controlled  by  means 
of  a  magnet  ralve ,  which  is  oi>erated  by  current  from  the  trolley.  The  circuit  of  this  magnet 
valve  is  carried  through  a  pair  of  auxiliary  contacts  located  on  the  drum  of  the  controller. 
When  the  handle  is  moved  toward  the  off  position,  the  circuit  of  the  auxiliary  contacts, 
and  hence  the  circtiit  of  the  magnet  valve  is  broken  before  the  main  power  circuits  are  broken, 
and  thus  the  main  power  circuit  is  alwavs  opened  by  the  pneumatically  operated  switdi 
beneath  the  car  rather  than  by  the  controller  contacts. 


Combined  D.C,  and  A.C.  Control. — In  changing  from  a.c, 
to  d.c.  (or  from  direct  to  alternating)  it  is  necessary  to  guard 
against  the  possibility  of  wrong  connections  upon  the  car  for  the 
current  received,  that  is,  to  prevent  disaster  should  connections 
be  made  for  600  volts  direct  current  operation  and  accidental 
contact  be  made  with  6,600  volts  alternating  current  trolley. 
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To  gu&rd  against  this,  the  main  switch  of  the  direct  current  and  alter- 
nating current  car  equipment  is  provided  with  a  retaining  coil  so  dedgned 
that  it  will  open  when  the  motor  current  is  intarupted. 

Where  a.c.  and  d.e.  trolley  sections  adjoin,  a  dead  section  is  lelt  between 
the  two  for  a  length  not  exceeding  a  car  lei^th,  so  that  a  car  may  pass  from 


81 170, — Diagram  otconnectionsWestinshousA  unit  HwilchcontioKtypeHL)  for  QuHdmple 
iiipment  oC  7S  hone  power  moton  or  less.  In  tvpo  HL  control  the  varioua  main  circuit 
ineclions  between  trolley,  stitting  resistors  and  motors  (which,  in  drum  type  control, 
!  made  by  the  overhead  circuit  brealHf  and  the  power  drum  and  contact  fingers  o£  the 

nnections  ordinarily  made  b^  the  reverse  drum  of  the  platform  controller  sio  made  by  k 

«rse  drum  similar  to  that  of  the  conlmUer,  but  of  mora  suh ■-' -— ■:—   

iticBlly  operated  and  mounted  in  a  separate  case  undemca 

/em  drum  with  its  opei^tins  mechanism  ia  termed  a  teetrsti 

compRSHd  air  to  Che  pistons  for  operation  of  the  switches  and  leverser  is  regulated  by 

^ans  of  electrically  operated  magnet  valves,  one  of  which  ia  attached  to  each  piston  cylin- 

her  ear  platform  through  a  control  trrain  line,  which  extends  the  lenBth  of  tlie  car  and 
'      ■  *     "  r  train  lino  racBiitaclc.    By  moving  the  handle 


.    Thee. 


roller  from  notch  to  notch,  the  vi 


'J 
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one  section  to  the  other  at  full  speed,  in  which  case  the  main  car  switch 
opens  on  the  dead  section  through  lack  of  power  to  operate  the  retaining 
coil,  and  will  reset  automatically  for  alternating  or  direct  current  operation 
as  the  case  may  be,  after  leaving  the  dead  section. 

Locomotives. — Numerous  types  of  electric  locomotive  have 
been  built  for  a  variety  of  purpose,  from  yard  switching  to  the 
hauling  of  heavy  passenger  trains  at  high  speeds.  They  may  be 
classed 

QftSTRAlNto    F^eOVJCING  VALVE 
a&.5TRAlN£R.^  X_      --^CHCCK  VALVE 

CAR  riX)OR-*A 
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Pig.  8,171. — ^Arrangement  of  piping  of  Westinghouse  unit  switch  con«rol,  type  HL.  The 
piping  here  shown  is  for  the  compressed  air  which  operates  the  control  apparatus,  the  air 
su^ly  being  taken  from  the  brake  system.  The  amount  of  air  recLuired  for  operating  the 
switches  is  so  small  compared  to  that  required  by  the  brakes  and  whistle  that  it  is  practicsdly 
negligible. 


1.  With  respect  to  the  power 
source,  as 

a.  External; 

b.  Storage  battery; 

c.  Steam-electric. 

d.  Gas-electric. 


2.  With  respect  to  the  trans- 
mission, as 

a.  Gearless; 

b.  Geared; 

c.  Connecting  rods; 

d.  Scotch  yoke; 

e.  Combination  gear  and 

connecting  rods. 
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ge&rless  locomotive  is  one  having  the  armatures  built  on  the  axles  of 
riving  wheels;  a  geared  locomotive  has  speed  reducitig  gears  between 
lotor  and  axle. 


The  combination  gear  and  connecting  rod  drive  comprises  motors 
geared  to  jack  shafts  which  in  turn  transmit  the  power  to  the  drivers  by 
neana  of  connecting  rods. 


Ibi.,  (M-oiutii 


The  Running  Gear. — There  are  two  general  types  of  truck 
for  electric  cars:  1,  those  in  which  the  car  body  rests  upon  the 
truck  bolster  or  side  bearings  which  are  supported  by  springs  ' 
for  the  side  frames  carried  by  the  axle  journal  boxes,  and  2, 
those  in  which  the  car  body  rests  upon  the  truck  bolster  sup- 
ported from  the  truck  frame  which  rests  upon  springs  carried 
by  equalizer  bars  resting  on  the  axle  journal  boxes. 
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Brakes. — ^The  several  types  of  brake  used  are  classed  as:  1, 
hand  brakes;  and  2,  air  brakes. 

The  familiar  hand  brake  needs  no  description,  and  air  brakes  have  been 
described  at  great  length  in  Guide  No.  3. 

Car  Lighting. — ^There  are  several  systems  in  general  use  and 
the  following  descriptions  give  the  essential  features. 

Stone  System. — ^The  equipment  consists  oi  a  dynamo,  a  storage  battery 


Fig.  8,181. — Method  of  suspending  Stone  system  car'i^hting  dynamo.  Am  hung,  the  belt 
draws  the  dynamo  out  of  the  diap^nal  position  in  which  it  womd  naturallsr  hang,  thtts  putting 
a  definite  tension  on  the  belt,  just  sufficient  to  absorb  the  power  reqtiired.  It  is  obvious 
tiiat  when  the  pull  on  the  belt  exceeds  that  due  to  the  offset  suspension  of  the  d3mamo  that 
the  dynamo  wul  be  drawn  toward  the  axle  and  the  belt  allowed  to  slip.  Thus  the  dynamo 
wiU  run  at  practically  constant  speed  for  all  values  of  train  speed  above  the  critical  value. 
A  mechanical  governor  automatically  closes  the  dynamo  circmt  when  critical  speed  has  been 
reached.  A  storage  battery  is  suspended  tmdemeath  the  car  to  act  as  auxiliary  in  lighting 
the  lights  when  the  dynamo  is  inoperative.  Another  function  of  the  storage  battery  is  that 
it  acts  as  a  ballast  or  regulator  to  keep  the  lights  constant,  absorbing  the  variations  of  dynamo 
output. 


to  act  as  atixiliary  when  the  d3mamo  is  inoperative,  and  an  automatic 
switch  to  close  the  dynamo  circuit  when  the  critical  speed  has  been  attained. 

The  principle  underlying  the  operation  of  this  equipment  is  that  regula- 
tion is  obtained  by  allowing  the  belt  to  slip.  As  the  speed  of  the  train  rises 
the  dynamo  voltage  will  tend  to  rise  proportionally,  this  causing  a  great 
battery  charging  current  to  flow,  thus  increasing  the  dynamo  output  and 
belt  pull. 

McElroy  System, — ^In  this  system  the  dynamo  ?s  moimted  directly 
on  the  trucks  and  is  driven  by  a  gear  and  pinion  similar  to  those  used  on 


"Axle"  Lighting  of  Cars. — This  is  the  prevailing  metiwd 
and  consists  of  a  dynamo  belted  to  the  truck  axle,  storage  bat- 
tery, and  necessary  auxiliaries  for  proper  control. 

Car  Heating. — The  amount  of  power  consumed  by  electric 


FiC.  8,182.— Section  through  ear  Ktt,  showing  location  of  panel  hentcr. 
FIG.8.1S3.— Tim  unit  coQ  of  panel  heater.    The  front  ia  provided  with  a  v 

tect  paneogen'  clothing  from  contact  with  tha  coil  which  in  operation  nai 

above  ortUoary  ignition  point. 


MESSENGER  CABLE 

-TROLLEY  WJfiE 


heav;  freight  traffic 


r  fiingle  track,  suitable  for  ordioaiy 

iruction  foe  double  track,  suitable  for  beaviiit 
^  Bubstaatial  mtaruiban  rosdi  ^■*Mffinj 


heaters  naturally  varies  with  the  climatic  condition,  but  for  cars 
rangirfg  from  24  to  34  feet  in  length  the  power  consumption  for 
average  and  severe  weather  conditions  varies  &om  5  to  7  kilo- 
watts, respectively,  so  that  the  electric  heater  loads  on  both 
street  railway  and  interurban  systems  compose  a  very  large  part 
of  the  total  energy  consumed. 


Fic.  S,186. — SsslecateTUrrcurrecoiutnictuin.  In  tocstfrv  the  biaclnt  anaa  on  poln  aai]^ 
the  polei  on  curvn.  ths  effect  of  (upei^-eleviitioa  nnd  tlw  Utenl  overhnns  of  the  can  or 
locomotive!  must  be  allowed  for.  aa  well  as  tho  pciBitioa  of  the  cmrtent  cc^ector.  Amhttr 
sptHi  ahould  be  placed  at  the  eads  of  curvea  anif  at  frequent  Intervalt  on  taogeaU. 

Pig.  8,IS7.— Detail  oE  braclcEt  ana  with  ateadr  atrain. 


Fig.  8.1SS. — Catenarr  conrtniction  at 
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Track. — ^Thi?  viaries  with  the  service  and  method  of  power 
transmission  employed. 

The  track  construction  for  overhead  trolley  line  systems  differs  but  little 
from  other  forms  of  railway  construction,  with  the  exception  of  the  botiding 
of  the  rail  joints.  With  the  use  of  a  track  return  this  is  absolutely  neces- 
saxy  to  secure  a  continuous  metallic  path,  thereby  reducing  the  resistance 
which  would  otherwise  be  introduced  into  the  circuit. 


TROLLtV     WIRE. 
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Fig.  8,190. — ^Automatic  block  signal  system.  The  boxes  are  located  at  the  end  of  each  block 
and  are  provided  with  white  and  red  semaphore  discs  ox>erated  automatically  by  trolley 
twitches. 


Trolley  Line  Construction. — ^The  variotis  methods  of 
trolley  line  construction  may  be  divided  into  two  classes:  1, 
bracket  construction,  and  2,  span  wire  or  catenary  construction. 

There  are  two  general  classes  of  catenary  construction:  the  single  cate- 
nary, and  the  double  catenary.  In  both  of  these  the  principal  object  aimed 
at  is  the  maintenance  of  the  trolley  wire  at  a  constant  distance  from  the 
top  of  the  rails. 

In  the  sixijg[le  catenary  construction  the  cable  is  carried  by  the  brackets, 
spans,  or  bridges. 


signal  Apparatus. — There  are  two  general  classes  of  rail- 
way signal:  1,  block  system,  and  2,  interlocking  system. 


I' 

as 
I- 


PiGS..S.lflltoS.3( 


■^CofTQspODding  AafvcU  oC  acmftphoraiuidixsitioalifhtBiffiulawith  thuf 


is  pMud  tbrouBh  tba 


""switchboard" 

G,  8,3a3.^^AutoQutic  operator  Byatern.    /n  dp«raflon,  i 

:loB«d  contact  is  fixed.  When  currentthrouah  the  line  is  brolceii,  t 

:ut  in  a  local  battery.    Cunpnt  fTom  this  battery  passes  through  a  pair  of  coil  holding  tha 
armature  iO  this  position,  and  releasH  the  staff  at  opposite  ends  of  the  t>lock.    When  th« 
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Block  signaling  has  to  do  with  keeping  trains  which  are  running  on  the 
same  track,  at  a  proper  distance  a^art.  Inter-locking  signaling  is  for  the 
control  of  trains  over  tracks  which  intersect  at  points  of  crossing  or  diver- 
gence, and  has  for  its  object  the  i)revention  of  conflicting  movements,  the 
proper  routing  of  trains,  and  the  insurance  that  the  njovable  parts  of  the 
track  are  in  their  right  positions  before  the  signals  governing  movement 
over  them  can  be  made  to  give  a  proceed  indication. 

Railway  Signals. — ^These  consist  of  colored  lights,  colored 
flags  or  by  metal  signal  banners.  Some  roads  use  a  green  signal 
for  precaution  while  others  use  a  yellow  signal.  Red  is  the 
danger  signal. 

The  caution,  stop,  and  proceed  signals  are  in  general  use. 

I  MILE 


B 


c   e 


<i 


Fig.  8,204. — Simple  track  circuit  whereby  a  signal  is  operated  by  a  train  in  a. block. 


Flags  or  metal  signals  are  used  during  the  day  and  lights  of  various  color 
at  night. 

Disc  signals  are  displayed  by  movable  shutters  or  discs  in  front  of  a 
fixed  background;  semaphore  signals,  by  the  position  of  a  movable  arm 
in  a  plane  at  right  angles  to  the  track  and  mounted  on  a  high  pole.  The 
semaphore  arms  of  distant  signals  have  notched  ends  while  the  home  sig- 
nals have  straight  ends.  When  a  home  semaphore  signal  is  up  it  means  to 
stop;  danger  ahead.  When  a  distant  semaphore  signal  is  up  it  means  to 
proceed  with  caution  and  the  next  home  station  si^ial  will  indicate  if  the 
block  be  clear.  Whether  or  not  a  relay  be  used  in  the  track  circuit,  a  bell  is 
generally  rung.  At  distant  crossings  onlv  the  bell  is  used,  but  near  stations 
the  relay  is  used  to  not  only  ring  a  bell  but  to  throw  a  home  signal. 

Trolley  Car  Operation. — To  start  the  car,  see  that  the 
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After  bringing  the  car  into  the  car  house,  have  the  controller  at  "o9," 
take  off  the  controller  handles,  pull  down  the  trolley  and  tie  it  a  few  inches 
bdow  the  trolley  wire. 

Car  Does  Not  Start. — If  the  car  fail  to  start  when  the  con- 
troller is  "on"  and  both  overhead  switches  are  closed,  the  trouble 
is  due  to  an  open  circuit,  and  probably  to  one  of  the  followii^ 
causes: 

1.  The  fuse  may  have  blown  or  melted.    Open  an  overhead  smtch  « 


09. — Intersection  of  two  double  track  lines,  with  their  respective  signmla.    It  thes 
tamatlc  traclE  telayt  properly  interconnected,  they  csn  be  rcHdily  airan^  to  give 

"■"■         ■■  *"  '         ''"is  at  dear,  to  allaw  a  aouth  bonod 


pull  off  the  trolley  and  put  in  a  new  fuse,  removing  the  burned  ends  from 
'  -it  the  binding  posts  before  doing  so ,    Never  put  in  a.  heavier  fuse  than 
:c.j  1 —  .1 _g  ,j  nught  result  in  damage  by  allowing 

3.  On  a.  dry  sununer  day,  when  there  is  much  fine  dust  on  the  track, 
it  happens  that  the  car  wli«ls  do  not  make  proper  contact  with  the  rafl 
and  uie  car  tails  to  start.  In  such  a  case  try  to  es^blish  contact  by  roddnj 
the  car  body.     Should  this  fail  to  work,  the  conductor  should  take  the 
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switch  bar  or  a  piece  of  wire  and,  holding  one  end  finnly  on  a  dean  place 
on  the  rail,  hola  the  other  against  the  wheel  or  truck.  This  will  make 
temporary  connection  until  the  car  has  started.  The  conductor  should 
be  sure  to  make  his  rail  contact  first  and  keep  it  firm  during  this  operation 
or  he  may  receive  a  shock. 

3.  If  the  track  conditions  be  apparently  good,  it  may  be  that  the  car 
stands  on  a  piece  of  dead  rail,  a  piece  of  rail  on  which  the  bonding  has  been 
destroyed.  In  that  case  the  car  conductor  would  have  to  go  to  the  next 
rail  section  with  a  piece  of  wire  to  connect  the  two  rails  and  then  order 
the  motorman  to  start  his  car. 

4.  A  brush  or  two  may  not  have  been  placed,  or,  if  placed,  may  fit 
too  tightly  in  the  brush  holder,  so  that  the  springs  do  not  establish  contact 
between  the  brush  and  the  commutator.  It  this  be  the  case,  remove  the 
brushes  and  sandpaper  them  until  they  go  into  the  brush  holder  easily. 

5.  The  contact  fingers  on  a  controller  are  rough,  burnt,  and  perhaps 
bent  so  that  the  drum  cannot  make  contact.  It  may  also  be  due  to  wear 
on  both  the  contact  surfaces  of  the  drum  and  the  finger,  which  mav  have 
been  burnt  and  worn  away  to  such  an  extent  that  contact  is  not  established 
when  the  controller  handle  is  placed  in  the  first  notch.  Try  to  smooth 
the  burnt  surface  with  sandpaper  and  bend  the  fmgers  or  contacts  into 
their  proper  position.  Should  this  fail,  then  operate  the  car  with  the 
other  controller.  In  this  case  the  conductor  should  be  on  the  front  plat- 
form to  handle  the  brake  and  give  orders  to  the  motorman  when  to  start 
and  stop,  as  the  occasion  requires.  Under  these  conditions  the  car  should 
never  be  allowed  to  travel  at  a  high  speed. 

6.  A  loose  or  broken  cable  connection.  This  can  be  located  and  placed 
and  fastened  in  its  position.  It  is,  in  most  instances,  a  cable  connected 
to  one  of  the  motors,  rheostat  or  lightning  arrester,  and  very  seldom  in 
the  controller  stand. 

7.  A  burnt  rheostat.  A  rheostat  may  have  received  too  great  a  current 
for  some  time  and  the  first  contact  terminal  may  be  broken.  In  such  a 
case,  if  temporary  connection  cannot  be  conveniently  established,  the  car 
will  not  start  at  the  first  notch,  but  at  the  second  it  will  start  with  a  jerk. 

8.  If  the  car  refuse  to  start  on  the  first  contact,  but  start  all  right  on 
the  second  and  acts  normal  thereafter,  then  there  is  an  bpen  circuit  in 
the  rheostat,  either  internally,  or  the  first  cable  connection  is  broken. 

Abnormal  Starting. — Sometimes  a  car  will  start  with  a 
jerk,  but  afterwards  run  smooth  and  normal. 

This  indicates  a  short  circuit  in  the  rheostat.  Examine  the  rheostat 
terminals,  as  the  trouble  may  be  due  to  the  crossing  of  the  cables  or  a 
loose  cable  touching  another  terminal  of  the  rheostat;  do  not  touch  it 
but  run  car  back  to  bam. 
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Troubles. — Heavy  flashing  and  smoking  in  the  controller  is 
le  to  dirt,  moisttire,  metal  dust  in  the  controller,  or  the  too 
o-w  tiiming  off  of  the  controller. 

Open  the  overhead  switch  and  blow  out  the  dust  from  the  ring  terminals, 
also  remove  all  dust  at  the  lower  ends  of  the  controller  and  see  that  it 
is  dry. 

Should  the  lamps  not  light  upon  turning  the  lamp  switch  examine 
lamp  circuit  fuse. 

If  fuse  be  not  blown,  either  a  lamp  is  not  screwed  up  or  one  is  burned 
out.    In  either  case  none  will  bum  because  they  are  connected  in  series. 

Motor  Troubles. — ^A  few  motor  troubles  often  met  with  are 
ven  here: 

A  sharp  rattling  noise  when  the  car  is  traveling  at  high  speed  is  the 
consequence  of  an  uneven  commutator. 

A  commutator  that  is  flat  in  places,  or  a  few  bars  that  have  become 
loose  ancj  project  slightly,  cause  the  brushes  to  be  quickly  forced  away 
from  the  commutator  by  the  high  bars,  and  to  be  forced  back  onto  the 
lower  ones  by  the  brush  holder  spring  as  soon  as  a  high  bar  has  passed. 
This  causes  neavy  sparking  at  the  brushes  and  excessive  heating  of  the 
commutator  segments,  besides  the  rapid  wearing  down  of  the  brushes. 
The  rapid  succession  of  these  changes  causes  the  noise,  and  this  can  be 
remedied  only  in  the  repair  shop.    It  should  be  reported. 

A  dull  thumping  noise,  also  connected  with  sparking  at  the  brushes, 
may  be  due  to  the  armature  striking  or  rubbing  against  the  pole  pieces. 
If  this  be  due  to  loose  bearings  the  cap  bolts  should  be  tightened,  but 
if,  on  accotmt  of  worn  out  boxes,  the  car  should  be  taken  to  the  barn  at 
a  reduced  speed. 

Abnormal  heating  of  one  of  the  motor  armatures  may  be  due  to  its 
striking  the  field  poles  when  rotating. 

Heating  of  the  motor  may  also  be  due  to  a  defective  brake,  caused  by 
weak  release  springs  or  too  short  a  br^e  chain. 

Again,  heating  may  be  due  to  the  oil  or  grease  used  which  does  not 
melt  pni)erly,  if  at  all. 

A  full  grease  or  oil  cup  is  no  sign  of  proper  lubrication. 

If  it  be  found  that  bearings  heat,  in  spite  of  full  grease  cups,  take  a 
clean  stidc,  make  a  hole  through  the  grease  down  to  the  shaft,  pour  in 
soft  oil  and  go  ahead. 
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Before  Starting. — ^When  the  train  is  turned  over  to  the 
jnotorman  he  should: 

1.  Pass  along  the  outside  and  carefully  examine  the  bus  lino  and  cable 
jumpers  between  cars,  to  assure  himself  that  all  connections  are  propeil)' 
amas  and  that  the  main  snitches  are  closed; 

TELEPHQMC  UNE 


PiG.SJU.— Studardhamslinddistint  HmaphorsEigriBlB.  lnop*Tatlon,vntH  eithettiiic 
hunacfaed  a  positioa  ■pproiimately  SO  decrea  fiom  the  vcrticalit  Kill  jodicata  the  umt 
aa  though  at  ttw  lull  hoiiwmul  poution.  Thii  it  cflectrd  by  uuna  •eveial  ■pectaclH.  adi 
held  in  pUca  by  independent  beud  no«s,  aeniaphan!)  vary  in  lenatb  from  i  to  S  feet,  aboul 
iii  bein^treaardcd  al  Etandud. 

Flo.  S,2I4.— Train  diapstcher'i  lelcctiirByitem.    Thit  U 


.SSKi,- 

B  the  signal  to  normal  position  the  dapatcher  operates  the  selector 

2.  Pass  through  the  trmn,  closing  air  compressor  and  third  rail  switches 
in  each  car,  and  opening  master  control  switches  in  all  cars  except  betid 
car  or  car  from  which  train  is  to  be  operated; 
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4.  Take  position  in  the  motorman's  compartment  at  forward  end  of 
train  and  note  the  brake  pipe  pressure,  and  dose  master  controller  switch; 

6.  Set  circuit  breakers  by  moving  the  circuit  breaker  switch  over  the 
master  controller  4x>  the  on  position,  holding  it  there  about  one  second 
to  allow  time  for  all  circuit  breakers  to  set; 

6.  Test  the  air  brakes,  and  if  same  work  satisfactorily,  the  train  is 
ready  to  start. 

Train  Fails  to  Start. — If,  when  all  the  connections  are  made 
and  the  controlling  handle  operated  properly,  the  train  do  not 
start,  the  fault  may  be  due  to  various  causes,  as:  1,  failure  of 
power;  2,  fault  in  master  control  circuit;  3,  fault  in  motor  con- 
trol circuit;  4,  non-release  of  air  brakes. 

To  detect  failure  of  power,  try  the  lights.  Some  faults  liable  to  occur 
in  the  master  control  circuit  are:  loose  cable  jumper;  grotmded  train  cable; 
poor  contact  in  master  controller;  master  control  fuse  blown. 

A  loose  cable  jumper  is  detected  by  noting  if  the  contactors  on  each 
car  be  working  while  the  train  is  accelerating. 

A  grounded  cable  is  detected  by  operating  the  master  controller;  if  the 
master  controller  fuse  blow,  it  indicates  that  one  or  more  wires  of  the 
train  cable  are  grounded. 

To  locate  a  ground  in  the  train  cable,  disconnect  train  cable  on  operating 
car  from  rest  of  train  by  removing  train  cable  jumper  from  its  socket  on 
second  car.  If  the  fuse  now  blow,  when  the  controller  handle  is  operated, 
it  indicates  that  the  ground  is  either  in  the  operating  car  or  its  train  cable 
jumper. 

To  determine  which  be  grounded,  remove  jumper,  if  fuse  blow  when  the 
controller  handle  is  operated,  the  ground  is  in  the  car;  if  it  do  not  blow, 
the  ground  is  in  the  jumper. 

To  detect  poor  contact  in  the  master  controller,  open  master  controller 
switch,  remove  cover  from  the  controller  and  turn  the  handle  slowly, 
noting  if  each  finger  make  good  contact  with  the  drive. 

A  blown  nMister  controller  fuse  is  indicated  if,  in  turning  the  master 
controller  handle  to  the  first  notch  and  thus  opening  the  master  controller 
switch,  no  arcing  occur,  the  fuse  is  blown  or  is  imperfect. 

Fault  liable  to  occur  in  the  motor  control  circuit  are:  main  fuse  blown; 
shoe  or  trolley  fuses  blown;  bus  fuses  blown;  loose  or  disconnected  bus 
jumper;  circuit  breakers  open. 

The  blowing  of  the  main  fuses  should  not  occur  often.    It  is  caused  by 
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short  circuit  or  grounding  in  the  motor  circuit.     Before  renewing  main 
fuse,  open  the  main  switch. 

The  grounding  or  short  circuiting  of  the  wiring  on  a  car  or  truck  may 
cause  the  trolley  fuse  to  blow,  lie  trolley  or  firolleys  should  be  pullea 
down  and  trolley  switch  opened  before  replacing  trolley  fuse. 

A  shoe  fuse  may  blow  for  short  circuit,  grounding  of  the  car  wiring 
on  some  part  of  the  car  or  truck,  or  may  be  caused  by  a  contact  shoe  on 
the  car  or  train  grounding.  In  replacing  fuse,  first  open  tlie  third  rail 
switch  and  insert  the  wooden  paddles,  provided  for  that  purpose  between 
all  shoes  on  that  car  that  are  m  contact  with  the  third  rail. 

A  loose  or  disconnected  bus  jumper  may  be  detected  when  the  train  is 
at  a  crossover  and  current  cannot  be  obtained  on  operating  cars,  although 
other  cars  of  the  train  have  current,  thus  indicating  blown  fuse  or  fuses, 
or  that  a  bus  line  jumper  is  loose  or  disconnected  between  the  operating 
and  adjacent  cars. 
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CHAPTER  131 


Electric  Ship  Drive 

The  object  of  the  electric  drive  is  to  overcome  the  inherent 
defects  or  limitations  of  the  turbine ,  that  is,  its  function  is  similar 
to  the  so-called  ** transmission"  of  an  automobile  in  that  it  gives 
flexibility  of  control  and  permits  the  tvurbine  to  run  at  its  most 
economical  speed. 


Fig.  8,215.— Elementary  diagram  Hlustrating  the  essentials  of  electric  ship  propulsion.  Two 
turbine  alternator  units  are  shown  on  the  right  which  are  wired  for  various  connections 
with  the  motors;  the  latter  operates  the  propellers  A.B.C  and  D. 

Fig.  8,215  will  make  clear  the  plan  of  the  driving  mechanism.  The  gen- 
eratm^  plant  is  composed  of  two  independent  turbine  alternators,  each 
of  which  is  capable  of  delivering  one-half  of  the  total  power  necessary 
to  run  the  ship  at  maadmtmi  speed.  The  driving  motors  are  of  the  three 
phase  variety  and  each  motor  is  equipped  with  two  sets  of  jjole  piece — one 
of  twenty-fotu"  poles  and  the  other  of  thirty-six.  By  operating  the  motors 
on  one  or  the  other  set  of  pole,  the  speed  is  changed  without  impairing 
the  efficiency  in  any  way.  The  plan  of  operation  is  to  drive  the  motors 
at  the  lower  speed  for  cruising  with  only  one  turbine  alternator  in  opera- 
tion,  while  for  the  greater  speed  the  two  alternators  would  be  operated 
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Pig.  8,216.— Hobart's  alter-cycle  control  or  induction  motors  for  electric  ship  propulsion 
There  are  four  motors  E,F,G  and  H,  wound  respectively  for  24.36.48.  and  72  poles. 
The  maximum  speed  of  the  propeller  shaft  is  100  r.p.m,  with  full  power  oi  all  the  motors.' 
To  run  the  motors  at  100  r.p.m.  requires  frequencies  of  20  cycles  for  the  24  pole  motor. 
30,  for  the  36  pole  motor.  40,  for  the  48  pole  motor,  and  60  for  the  72  pole  motor.  Thus 
to  obtain  equal  r.p.m.  the  frequencies  of  the  four  alternators  A,B.C,D  are  respectively 
made  20,30,40  and  60.  To  obtain  these  frequencies  when  the  alternators  are  d6wn  say  to 
600  r.p.m,  requires  respectively  4,6.8,  and  12  poles  for  the  alternators  A.B.C,  and  D. 
To  dnye  the  ship  at  two-thirds  f  peed,  motors  P  and  H,  are  connected  to  alternators  A  aiKl 
C,  which  provide  respectively  %  of  the  frequencies  of  B  and  D,  to  which  P  andH,  wete 
connected  for  fuU  speed  running.  Since  for  the  lower  speed  only  about  Vioas  mudi  power 
is  required  as  for  top  speed|  alternators  B  and  D.  and  motor  £  and  G,  are  shut  down.  For 
half  speed  a  single  motor  is  sufficient;  this  can  be  provided  by  operating  motor  H.from 
alternator  B,  or  O,  from  A.    One-third «peed  is  obtained  by  operating  H,  from  A. 


Tic.  8,217 .«— The  Menleea  ayatem  of  propelling  ships  by  gas  engines.  In  the  figure  A,  is  a 
six  cylinder  gas  engine  coupled  to  a  dynamo  B .  The  shal  t  C ,  of  the  dynamo  and  engine  is 
adapted  to  be  connected  by  a  clutch  D,  with  the  shaft  E,  of  the  electric  motor  P,  which  is 
connected  with  the  propeller  shaft.  Mn  operation  at  |ill  ahead  ship  speeds  direct  driving 
may  be  employed,  but,  for  speeds  less  than  half,  the  electrical  transmission  may  be  used, 
the  motor  F,  receiving  electrical  energy  from  the  dynamo  B.  The  drive  may  also  be  em- 
ployed for  reversing  the  astern  speed  by  not  greater  than  half  the  full  ahead  speed,  smtable 
switches  and  gear  being  provided. 
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Electiic  nvolving  field  of  alcenucor  of  the  tu 


Pic.  S,2ie. — General 
Electiic     Bynchro- 
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cout  suud  (Crvice. 
Motori  designed 
tor  ship  propukion 
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bd  and  speed' 
nations  and  alsu  m 

r'Dkly  reverUE^ 
propeller  at  full 
ihonld  tw  lufHcieni 
cvtu:ibr"  K>  that  tl 


lo  torque  as  aa  indi 

nod  auo  became  t 

being  deogned  (or  _   .,   ,.  .._ 

(■ctor.  a  unall.  it  ia  not  pOHible  to   obtain  lufficienC  levecsins  torque  witbout 

Udting  tbe  alternator  field.    It  ia  ain  neceiiary  when  levening  at  lull  speed  to  redui 

illenulor  apecd  until  the  tnaiat  bai  bean  ■ynchioniEed,  a/ter  which  motor  and  ai  tFmst< 

bcought  up  to  (peed  tocetbei.    Where  very  high  torque  ia  required  to  bjake  the  pro 

may  be  opeialed  a>  ■  ahort  dicuitad  alternator  by  nveising  the  phase  lotaiion  be 
motor  and  alternator,  then  eitablishinB  field  on  the  motor  but  with  no  eicitaiion  o 
alternator  field.    After  the  propeller  hiU  been  biought  to  rest,  the  motor  may  be  a 
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Pic.  iS3f>- — General  Electnc  loduction  motor  (or  merchant  maiine  propuluon.  The  tcli*- 
bility  of  an  induction  motor  on  shipboard  u  greatly  enhanced  by  the  case  with  which  tdn- 
poraiy  lepoincanbemadsincaseof  aaeleetncaltueakdownaCtea,  without  diiananhliiig 
tiia  motor,  ao  that  the  boat  may  continue  at  loll  or  alishtl/ leduccd  (peed  to  port. 
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CHAPTER   132 

Pumps 

A  very  large  variety  of  electric  driven  pumps  are  of  the  re- 
ciprocating  type  being  used  for  almost  every  condition  of  service. 


ip  ahowing  essential  f ei 


lar  installation. 

Motors  for  Redprocatin^  Pumps.— When  d.  c.  motors 


are  used,  the  compound  wound  type  is  generally  selected  for  single 
acting  pumps,  on  account  of  the  rather  pulsating  load,  but 
for  double  and  triplex  pumps  having  steadier  load  characteristics, 
th£  shunt  wound  type  is  used  to  advantage. 

Both  squirrel  cage  and  phase  wound  induction  motors  are  suitable, 
the  latter  as  a  rule  being  selected  where  it  is  desirable  to  reduce  the  starting 
current  to  a  miiiimuni,  or  where  a  somewhat  variable  speed  is  requiretT 


Synchronous  motors  may  be,  and  are  frequently  used  for  driving  large 
pumps.  By  pass  valves  must  then,  however,  be  provided  for  reducing 
the  torque  at  starting. 

Motors  for  Centrifugal  Pumps. — On  account  of  the  peculiar 
characteristics  of  the  centrifugal  pump,  special  care  is  required  in 
selecting  the  type  of  motor  best  suited. 

With  a  reciprocating  pump  operating  at  constant  speed  m 
'      -  -■--  s  the  pressure  and  therefore  the  load  o: 
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but  with  &  centrifugal  pump, 
an  increase  ot  the  Tesistancc 
reduces  the  load. 
1  The  volume  of  water  de- 
I  livered  by  a  reciprocating 
pump  is  not  affected  by  the 
reduction  of  the  head,  but  the 
required  power  is  reduced,  A 
reduction  of  the  head  with  a 
centrifugal  pump,  however, 
increases  the  volume  of  water, 
and  as  the  efficiency  at  the 
same  time  goes  down  rapidly , 
the  load  increases.  It  is  ac- 
cordingly of  importance  to 
know  what  this  overload, 
caused  by    a   reduction   of 

FiQ.  8.236.— Dtming  Bingla  acting  plunger  triplet  pump  *?>«  '^^^d,  amounts  tO— the 
mth  miTigle  rrducllon  baUdrlB:  This  type  ha>  the  duration  of  this  Overload, 
desirable  feature  of  quiet  nmning  in  addition  to  itt     The   capacity  of   the   motor 

^n?^'S?*S^"  ™=h'^.n'k''^:;?p'!S«T'Sl-  should  as  a  rule  be  governed 
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~  The  Drive,— The  re- 

dpiocating  pomp,  be- 
cause of  the  necessarily 
low  speed  at  which  it 
must  operate  requires 
a  high  velocity  reduction 
between  the  motor  and 
pump. 

Accordingly  some  form 
of  gearing  which  coasli- 
tut^  the  drive"  must  bo 
interposed  between  the 
two  machines.  The  various 
types  of  drive  are  shown 
in  the  accompanying  cuts. 

Fic.  S.230. — Demins  single  acting  pluoget  triplex  pump  with  doubU  miuctlim  rpur  far 
dritn.  As  ii  evident,  a  laT^  speed  reduction  between  motor  and  pump  is  obtained  in  a 
■mall  space.  Tha  anuigemeat  pecsuls  the  use  of  a  h^h  tpeed  motor  frith  >  heav;  dn^ 
pump. 

Control  Devices;  Power  End. — ^There  are  various  devices 
for  automatically  starting  and 
stopping  the  motor  when  pre- 
determined conditions  of 
pumping  are  reached.  These 
consist  of  pressure  regulators, 
float  switches,  etc. 

Fig.  8.247  illustrates  the 
method  of  automatically  control- 
■  ing  an  electric  house  pump  when 
the  open  tank  pumping  system  is 
used.  Thcpumpisusuallyplaced 
in  the  basement,  the  discharee  ! 
pipe  passing  up  through  the  build- 
lae  to  the  op^  tank  in  the  attic, 
where    it    is    generally  located. 

FlQ.  e.3«S. — Deming  single  acting  plunger  tritdex  pump  with  doubt*  reduction  tomNita- 
tktn  thorl  belt  and  tpur  gear  drlne.  This  t>;pa  has  the  desirable  featuTH  of  miiH  nm. 
Sing  and  compaetnex.    Whea  a  lawhida  plaion  ia  used  practically  all  no 


Tn  the  tank  is  placed  a  float  which  follows  the  water  level,  and  a  chain 
from  the  float  passes  over  pulleys  through  the  automatic  switch  arm 
{the  switch  being  usually  located  near  the  tank),  and  then  to  a  counter- 
wrigbt.  Small  buttons  attached  to  the  chain  above  and  below  the  switch 
arm  afford  a  means  of  regulating  the  points  where  the  motor  will  start 
and  stop.  The  figure  shows  the  starting  rheostat,  fuse  blD<Jc,  main  switch, 
And  wirmg. 

In  place  of  a  tank  float,  control  may  be  effected  by  means  of 
the  varying  pressure  of  the  water  due  to  the  head. 

HowtoF^ure 
theCost  of  Elec- 
tric  Pumpii^. 

— ^The  mmiber  of 
watt  required  by 
the  motor  of  an 
electric  pump 
must  be  sufficient 
to  furnish  power 
for:  1,  lifting  the 
water;  2,  loss  due 


Pic. — S,241. — Gould  double  actitig  piston  triplex  pump  with  dnubl* 

long  btlt  nnd  tpur  gear  rfrliw.      The  brlt  renders  the  drivfl  U. , 

to  slip;  3,  overcoming  the  friction  of  water  in  traversing  the 
sjrstem  from  intake  to  point  of  delivery ;  4,  overcoming  the  friction 
of  pump  and  gearing;  5,  overcoming  the  friction  of  the  motor;  6, 
electrical  losses  in  motor. 

Accordingly,  as  must  be  evident,  the  actual  power  to  ba  sup[died  to 
the  motor  is  conaderably  greater  than  the  theoretical  power  required  to 
lift  the  water. 


effidency,  or  effidency  ot  the  Bystem  is 
.85  X  ^  -  .75.  That  is  to  say,  if  the 
electrical  power  delivered  to  the  motor 
be  100  horse  power  and  tije  efficiency 
of  the  system  be  75  per  cent.,  then  only 

100  X  .75  -  75  horse  power 

is  available  for  elevating  the  water. 

To  get  the  actual  electrical  power  re- 
quired, first,  the  theoretical  head  should 
be  increased  by  the  loss  of  head  in  feet 
due  to  friction  in  the  pipe  line,  as  deter- 
mined from  hydraulic  tables.  The  result 
determined  in  this  way  must  ttwn  be 
conadered  for  the  power  loss  in  the 


Pic.  S.S41.— Gould*  type  L  anCoouitic  pi 


pumping  unit.  This  is  determined 
by'  dividing  the  theoretical  horse 
power  by  the  efficiency  c^  the  sys- 
tem eiEiffessed  as  a  decimal,  thus: 

CD 


W  "  wdght  of  nater  pumped 

per  minute  in  pounds 
H  —  total  dynamic  head; 
E  *  efficiency  of  the  system 


gearing  connecting  tl 


Pic.  8J43.— Could*  typ«  K  by  pw  contrel  coniiitinc  of  sate  valve,  diaduiSB 
and  relief  Tmlve. 
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Example. — It  is  reqtiired  to  pump  300  gallons  of  water  per  minute 
against  a  combined  static  lift  and  head  of  200  ft.  The  pipe  line  is  400  ft. 
long  and  contains  5  ninety  degree  elbows. 

From  table  showing  friction  of  water  in  pipes  the  friction  loss  in  100  ft; 
of  6  in.'  pipe,  discharging  300  gals,  per  min.  is  2.25  ft.  Actofdingly  for 
400  ft.  it  IS  4  X  2.25  =  9  ft.  From  table  showing  friction  of  water  in  elbows 
one  5  in.  90**  elbow,  discharging  300  gals,  per  min.  »  .36  ft.  Five  elbovs 
=  6  X  .36  =  1.8  ft. 


Figs.  8,244  to  8,246. — ^Wiring  diagrams  for  Hill  double  pole  automatic  pressure  tank  switch. 
Fig.  8,244,  direct,  or  alternating  current,  single  phase,  two  wires;  fig.  8,245,  alternating 
current,  three  phase,  three  wire;  fig.  8,246,  alternating  current,  two  phase,  four  wire.' 


Pig.  8.247. — ^Hill  double  acting  single  cylinder  piston  tank  pump  with  »inglm  rmduetkm 
wormidrivm  andpreasure  control  apparatus,  in  operation  of  the  control,  as  piessufP 
rises,  diaphragm  moves  lever  until  ball  falls  across  center,  throwing  switch  open  sudd^ily. 
When  pressure  in  tank  decreases,  on  accotmt  of  lowering  of  the  water  level,  lever  is  moved 
until  ball  falls  to  the  opposite  side,  closing  switch  a^d  again  starting  motor  and  pvunp.  The 
ai>paratus  is  set  for  different  pressures  by  adjusting  the  thumb  nut. 
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CHAPTER  133 

Elevators 

There  are  numerous  kinds  of  electric  elevator  designed  to 
meet  the  varied  conditions  of  service.  They  may  be  classified 
with  respect  to. the  control,  as: 

a.  Non-reversible;  /.  Pull  magnet; 

b.  Reversible;  |.  Push  button; 

c.  Mechanical;  n.  One  speed; 

d.  Semi-mechanical;  ».  Two  speed, 

e.  Semi-magnet;  etc. 

The  various  methods  of  apf>lying  the  power  and  other  mechanical  details 
have  been  described  at  length  in  Guide  No.  7.  . 

Elevator  Motors. — ^Either  d,c,  or  a,c.  motors  may  be  used 
but  d.c.  is  preferable,  because  of  the  high  starting  torque  of  the 
d,c.  motor. 

• 

The  chief  difficulty  experienced  with  alternating  current  motors  is  this 
lack  of  ability  to  start  under  heavy  loads,  and  for  this  reason  propro- 
tionally  larger  sizes  mtist  be  used,  the  increase  in  horse  power  reqtured 
being  fuUy  33  per  cent. 

The  adjustable  speed  d,c,  motor  having  a  small  percentage  of  compound 
winding  is  the  type  giving  the  best  control. 

The  squirrel  ca^e  induction  motor  should  be  used  only  for  slow  and 
constant  speed  freight  elevators  where  the  impairment  of  the  line  regula- 
tion, caused  by  the  high  starting  current,  is  not  important. 

It  is  not  possible  to  vary  the  speed  of  the  ordinary  induction  motor 
tmder  all  conditions  of  load,  nor  is  it  ever  possible  to  employ  with  it  the 
dynamic  brake  used  with  the  direct  current  motor. 

Elevator  squirrel  cage  motors,  when  thrown  across  the  line,  should  not 
take  more  than  23^  to  3  times  the  normal  current. 

The  polyphase  slip  ring,  or  external  resistance  motor  is  the  type  of  a.c, 
motor  suitable  for  high  speed  elevators. 


ELEVATORS 


•  I 


1  m « 

I  illi  li 

I  111'   'i 

I  sill,  ii 


nil 


;^>3||._.i-.-  — =£^J  g 


ELEVATORS 


771  -  4,131 


Controllers. — ^The  controller  performs  a  number  of  functions, 
uch  as  releasing  the  brake,  starting,  accelerating,  slowing,  and 
fuickly  starting  the  car.     Its  control  may  be  classified: 

1 .  With  respect  to  the  rotation  of  the  motor,  as 
a.  Non-reversible;  b.  Reversible, 


2.  With  respect  to  the  current,  as 

a.  Direct; 


b.  Alternating. 


IG.  8,261. — ^Diagram  of  A.  B.    See  No.  4  mecZiamcal  controller. 


3.     With  respect  to  construction,  as 


a.  Full  mechanical; 
b»  Semi-mechanical; 


c.  Semi-magnet; 

d.  Full  magnet. 


The  simplest  way  in  which  a  motor  can  be  installed  to  drive  an  elevator, 
is  to  arrange  it  so  as  to  drive  a  counter-shaft  continuously,  in  which  case 
the  elevator  is  stopped  and  started  by  throwing  belts  on  the  tight  or  loose 
pulley. 
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This  system  may  be  fully  clas- 
sified as  a  continuous  operating 
non-reversible  full  mechanical 
control  system.  Obviously  the 
term  non-reversible  refers  to  the 
motor  which  always  runs  in  one 
direction  as  distinguished  from 
motors  which  reverse  their  rota- 
tion to  reverse  the  motion  of 
the  car. 

The  distinction  between  the 
various  classes  of  controller, 
known  as  non-reversible,  rever- 
sible, mechanical,  semi-mechan- 
ical, semi-magnet,  full  magnet, 
and  push  button  is  illustrated 
in  the  accompanying  cuts. 


Full  Magnet  D.  G.  Ck)ii- 
trollers* — ^A  typical  direct 
current  control  apparatus  of 
the  full  magnet  type  consists 
of  several  slate  panels, 
mounted  on  an  angle  iron 
frame  with  all  the  connec- 
tions made  on  the  back  of 
the  board. 

The  solenoid  switches 
mounted  on  the  slate  panels 
are  arranged  to  perform  the 
following  functions: 


1.  To  disconnect  in  the  off 
dtion  both  sides  of  the  line 
>m  the  armature,  series  field, 
resistance,  and  brake  magnet. 
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side  of  the  control  system  from  the  line,  and  this  switch,  in  conncctioD 

with  the  car  switch,  makes  it  impossible  for  any  combinatioii  of  ground 
or  short  circuit  to  prevent  the  operator  stoppiiig  the  car  at  wiU. 

2.  To  accelerate  the  motor  automatically  by  cutting  out  the  annatcn 
starting  resistance  step  by  step,  and  also  the  series  field  with  the  last  step 
of  armature  resistance  (this  by  means  of  individual  series  relay  control) 
giving  smooth  acceleration  under  aU  load  conditions. 

3.  To  control  the  speed  o£  the  elevator  ^  cutting  resistance  in  or  out 
of  the  shunt  field  circuit  of  the  motor,  affording  positive  speed  contid 
under  widely  varying  loads. 

4.  To  bring  the  elevator  quickly,  but  smoothly,  froni  high  to  low  speeds, 
r^iafdless  of  load,  making  accurate  stops  at  lanmngs  an  easy  matter. 


Pio.  S  JM. — Dingiam  of  Etectroo  direct  current  meehanical  controller. 

fi.  To  open  the  circuit  to  the  motor  should  an  overload  current  flow. 

6.  To  apply  the  dynamic  brake  in  the  off  position. 

7.  To  operate  the  elevator  at  normal  speed  from  the  switchboard  for 
test  purposes. 

To  these  seven  functions  may  be  added,  as  a  modification 
of  the  standard  controller  equipment: 
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8.  To  open  the  Shunt  fidd  circuit  in  the  off  portion  of  the  controller. 

The  Meehanteal  Brake. — The  proper  functioning  of  the  medianical 

brake  is  rendered  positive  by  disconnecting  both  terminals  of  the  brake 

magnet  winding  from  the  tine  and  from  the  motor  snnature  in  the  oS  posi' 

tion  of  the  rontroller.    This  makes  it  certain  that  no  possible  combination 

rf  grounds  or  short  drcuits  can  keep  the  brake  magnet  energised  and 

the  brake  rdeased  when  the  car  switdi  is  thrown  to  the  off  position.    So 

long  as  the  brake  mechanism 

is    in    good    working   order 

mechanically, the  positive 

application   of  the  brake  is 

The  Dynamle  Brake. — 

Power  for  the  operation  of 
the  dynamic  brake  switch  is 
taken  from  the  motor  arma- 
ture and  the  brake  resistance 
is  applied  directly  across  the 
armature  terminals. 

The  api^cation  of  this 
brake  depends,  tha«fore ,  not 
on  the  line  voltase  butsolely 
on  the  motion  ttf .  the  arma- 

In  any  form  of  elevator 
braking,  mechanical  or  elec- 
tric, the  energy  represented 
by  the  inertia  of  the  moving 
parts  must  be  dissipated  in 
the  form  of  heat  in  order  to 
stop  the  motor. 

In  mechanical  braking  this 
energy  is  transformed  into 
heat  by  the  friction  of  the 

Pig.  S,257.^^Diiflmn  of  Electron  direct  current  two  ipttd  macul  coatroQer. 

brake  shoe;  in  electric  braking  it  is  transformed  into  heat  by  causing 
the  motor  to  Kenerate  current  and  dissipating  this  energy  in  a 
resistance  provioed  for  that  purpose — the  dynamic  brake  resistance. 
Accordingly,  when  the  dynamic  brake  is  used  in  connection  with  the  mechan- 
ical brake,  the  effectiveness  of  the  latter  is  increased  since  it  is  not  called 
upon  to  airest  a  full  powered  motor,  but  one  which  has  already  been  de- 
prived of  a  portion  of  its  energy  by  having  a  resistance  shunted  across 
its  armature  terminals. 
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operation  of  the  elevator  by  means  of  a  try  out  suiilck,  so  as  to  ascertain 
that  every  part  of  the  installation  is  operating  properly.  In  this  Way  the 
car  may  be  run  up  and  down  the  shaft  several  times  each  morning,  testing 
not  only  the  control  apparatus,  but  also  the  motor,  limit  snitches,  brake 
Golenoids,  etc. 


It  is,  therefore,  imt  possible  to  operate  the  elevator  from  the  car  while  the  try  out 
Bwitch  is  in  use,  this  fact  eiubtin^  tne  try  out  switch  to  be  used  also  aa  a  safesuard  as&iaat 
the  operation  of  the  elevator  while  the  regular  operator  ia  absent  from  tho  car. 


Fig.  8,360. — Diagnun  ol  National  direct  current  typo  A,  odb  epeed  gravity  rheostat  controller. 

The  Senlee  Switch, — It  sometimes  happens  that  the  main  line  knife 
switch  ordinarily  used  as  a  service  switch  cannot  be  so  located  that  it  may 
be  coavenientlv  opened  at  ijjght,  or  at  other  times  when  the  elevator  is  idle 
for  considerable  periods.  Tnis  condition  is  frequently  met  with  in  over 
mounted  installations,  and  unless  some  provision  be  made  for  opening  the 
circuit  to  the  motor  from  the  car,  or  from  one  of  the  lower  floors  of  the 
building,  the  operator  will  be  obliged  to  leave  the  elevator  at  the  top  of  the 
shaft  each  night,  walking  down  stairs  every  evening  and  up  stairs  every 
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Fig.  8.265.— Diagiam  of  OtiastyU  2H  m 

Shaft  Limit 
Switchea.  —  In 
addition  to  the 
machine  typelimit 
switches  just  re- 
ferred to,  over 
travel  switches 
should  be  in- 
stalled in  the 
elevator  shaft  as 
an  extra  precau- 
tion. These  shaft 
limit  switches  are 
arranged  to  be 
operated  by  the 


brought  about  b  j 
double  pole  switches 
which  disconnect  both 
sides  of  the  lines  from 
the  control  system, 
thus  insuring  that  the 
motor  will  be  stopped 
even  under  conditions 
which  might  otherwise 
tend  to  impair  tht 
control  of  the  car, 
such  for  instance,  as 
grounds   or  short   dr- 

the  control  system. 

Connections  to  the 
limit  switches  are  so 
designed  that  after  tha 
car  has  been  stopped 
automatically  at  either 
limit  of  elevator  travel 
it  is  possible  for  the 
operator  to  start  and 
immediate!  y  accelerate 
to  full  speed  _  in  the 
opposite  direction. 


Tated  by  i 
which. 


switch  thus  intro- 
ducing an 
'onalbreaki 


the  Pic.  saw.— Diagnun  of  Pruer  direct  current  duple* 
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control  circuit  and  insuring  the  stopping  of  the  elevator  through  the  open- 
ing of  the  line  and  reverse  switch. 

Shaft  limit  switches,  when  used  as  over  travel  switches,  should  be  so 
arranged  that  it  is  impossible  for  the  operator  to  move  the  car  after  the 
switch  has  opened  without  first  goir^  to  the  elevator  machine,  thus  insuring 
attention  to  the  defect  which  caused  the  shaft  limit  switch  to  operate.  These 
Switches  are  sometimes  installed  alone  in  preference  to  the  machine  typo 
of  limit  switch  on  drum  type  elevator  machines. 

On  traction  typo  elevator  machines  they  obviously  have  to  be  used 
for  both  the  automatic  Bmita  and  over  travel.  For  automatically  slowing 
down  and  stopping  the  car  three  single  pole  shaft  switches  at  either  limft 


Pic.  8,267.— Diaeram  of  Otis-lype  VAS  altenmlinB  cimcBt,  two  phii»o  nu 

of  elevator  travel  should  be  used,  making 'a  total  of  si^  switches  in  all. 
One  switch  in  each  of  the  two  sets  of  three  is  used  to  slow  down  the  car  while 
the  other  two  operate  in  unison  as  a  double  pole  switch  to  bring  the  car  to 
a  standstill. 

In  addition  two  single  pole  shaft  limit  switches  should  be  used  for  pro- 
tection against  over  travel. 

Alternating     Current  Controllers.— Since  a.  c.  should 
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preferably    be   limited  to  moderate  speeds,  because  it  is  not 
feasible  to  employ  djmamic  braking. 

This  means  that  the  car  must  be  slowed  down  and  stopped  by  the  appli- 
cation of  the  solenoid  brake  alone,  and  the  speed  must  therefore  be  one 
that  will  permit  this  being  done  with  safety  and  comfort  under  all  the 
widely  varying  conditions  met  with  in  elevator  service. 

A  t3rpical  alternating  current  full  magnet  ccmtsroUer  consists  of  several 

slate  panels  mounted  on 
an  angle  iron  frame  whidi 
serves  also  as  a  support 
for  the  resistance. 


A.  c.  solenoid 
switches  mounted  on 
the  face  of  the  pand 
and  connected  to  the 
resistance  (aU  connec- 
tions being  made  at 
the  back  of  the  board) 
are  arranged  to  per- 
form the  following 
functions: 

1.  To  disconnect  the 
primary  wires  from  the 
niotor  and  brake  solenoid 
in  the  off  position  of  the 
controller. 

2.  To  accelerate  the 
motor  automatically  by 
cutting  the  starting  resis- 
tance out  of  the  rotor 

circuit  step  by  step  (using  series  relay  control)  and  giving  smooth  acceler- 
ation at  all  loads. 

3.  To  operate  the  elevator  from  the  switchboard  for  test  purposes. 

Current   Relay   Acceleration, — The   acceleration   of   the    motor   is 

accomplished  by  a  parallel  solenoid  self-starter  with  secondary  starting 


Pig.  8,268. — Diagram^of  Otis-type  altematiag  cxirrent  two 
or  three  phase  mechanical  controller. 
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G.  8,269.— Diagram  of  A.B.See  traction  controller. 
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resistanoe.  A  suitable  number  of  double  pole  alternating  current  solencnd 
switch  are  used,  these  being  so  connected  as  to  cut  a  section  of  resistance 
out  of  each  of  the  three  phases  of  the  rotor  circuit  simultaneously,  the  rate 
of  acceleration  being  governed  automatically  by  a  number  of  current  relay 
in  the  rotor  circuit.  By  suitable  adjustment  of  these  relays  the  starting 
current  is  limited  to  a  predetermined  maximum. 

The  office  of  the  relay  is  to  lift  and  open  the  circuit  to  the  succeeding 
switch  when  the  starting  current  rises  as  each  switch  in  turn  is  closed,  thtis 
preventing  the  cutting  out  of  the  next  step  of  resistance  until  the  motor  haa 
properly  accelerated  and  the  surge  of  current  incident  to  the  closing  of  tlie 
previous  switch  has  di^  down. 

Limit  Switehe$, — ^The  automatic  stopping  of  the  car  at  the  two  limits 
of  elevator  travel,  in  the  case  of  a  drum  type  elevator  machine,  is  usually 
accomplished  by  a  Ihnit  switch  of  the  rotatmg  cam  or  traveling  cam  type. 
These  switches  are  designed  to  open  both  sides  of  the  control  circuit  to  the 
solenoid  switches  on  the  controller  switchboard,  thus  insuring  the  stopping 
of  the  car  through  tiie  opening  of  the  motor  circuit. 

Shaft  limit  switches  may  be  used  in  place  of  the  cam  type  limit  switches, 
if  desired,  and  should  be  used  in  the  case  of  traction  machines. 

Two  shaft  limit  switches  should  be  used  as  over  travel  switches^  in  both 
cases,  and  should  be  so  connected  in  the  control  circuit  as  to  make  it  impos- 
sible for  the  operator  to  move  the  car  in  the  reverse  direction  after  over 
traveling  without  first  going  to  the  winding  machine.  This  insures  protec 
tion  agamst  phase  reversal. 

The  Brake  Solenoid. — ^This  is  designed  to  be  connected  directly  to 
the  motor  terminals.  When  the  circuit  to  the  motor  is  closed,  the  solenoid 
is  energized  and  the  brake  released.  Upon  the  opening  of  the  main  line 
circuit  (whether  this  be  done  intentionally  in  operating  the  elevator,  or  is 
the  result  of  accident)  the  solenoid  is  de-energized  and  the  brake  Kppiied. 
The  operation  of  the  brake  solenoid  is  verv  rapid,  and  the  force  apphed  to 
the  brake  considerable.  It  is  recommended,  therefore,  that  the  parts  d 
the  brake  mechanism  used  with  these  solenoids,  be  of  rugged  construction, 
a  simple  toggle  or  wedge  mechanism  being  most  desirable.  It  is  desirable 
also  that  the  brake  itsdf  be  so  designed  as  to  perniit  of  the  nadual,  ratiier 
than  a  sudden  braking  effect,  so  as  to  avoid  jarring  the  car  oy  stepping  it 
too  quickly. 

OPERATING 
INSTRUCTIONS 

Before  Starting, — ^The  main  switch  connecting  the  motor  with  the 
supply  circmt  must  be  closed.    This  switch  should  not  be  closed,  however, 
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until  it  is  positively  known  that  the  hand  rope,  pilot  wheel,  lever,  or  switch 
of  the  operating  device  in  the  car  is  in  its  off  position. 

Motor  Starter  ContactB. — ^These  contacts  should  always  be  kept 
smooth  and  bright.  A  piece  of  fine  sand  paper  rubbed  over  them  is  the 
best  means  of  producing  the  desired  result.  After  sand  paptering,  the 
loose  particles  should  be  blown  out  with  a  bellows. 

The  bearings  and  cams  of  the  motor  starter  should  be  kept  clean  and 
well  oiled,  and  if  a  dash  pot  be  provided  to  prevent  the  contact  arm  moving 
over  the  contacts  faster  than  is  necessary  to  secure  the  proper  acceleration 
of  the  motor,  this  should  be  adjusted  so  that  the  arm  will  descend  in  from 
five  to  seven  seconds. 

As  the  retarding  action  of  the  dash  pot  may  be  overcome  by  gravity, 
a  spring,  magnetic  attraction,  or  by  the  motion  imparted  from  the  motor, 
the  shafting,  or  the  elevator  machine,  the  method  of  adjustment  will  depend 
upon  which  form  of  motor  starter  be  used. 

Caution  in  Adjusting. — ^An  important  point  to  remember  in  connection 
with  the  cleaning,  oiling,  or  adjusting  of  the  motor  starter,  and  in  fact  in 
cormection  with  the  cleaning,  oiling,  or  adjusting  of  any  parts  Of  the  elevator 
equipment,  is  to  open  the  main  switch  connectmg  the  motor  to  the  supply 
circuit  before  commencing  these  operations;  this  will  tend  to  prevent  acci- 
dents of  an  electrical  or  a  mechanical  nature. 

Car  Stops. — If,  in  the  operation  of  an  elevator,  the  car  stop  for  some 
unknown  reason,  the  operator  should  at  once  shift  his  controlling  device 
in  the  car  to  the  off  position.  If,  then,  upon  shifting  the  controlling  device 
again  to  start,  the  car  refuse  to  move  in  either  direction,  some  one  of  the 
following  occurrences  has  probably  taken  place:  It  may  be  that  the  car  or 
counter  weight  has  met  with  some  obstruction  and  the  slack  cable  device 
has  operated;  that  there  is  a  poor  contact  in  the  switch  or  connections;  that 
the  fuse  or  circuit  breaker  has  opened  the  motor  circuit;  or  that  the  current 
has  been  turned  off  the  supply  wires.  In  any  case,  the  motor  should  be 
examined  before  starting,  to  see  that  no  damage  has  been  done  to  it. 

(Jar  Stops  between  Landings. — When  this  happens,  owing  to  a  failure 
in  supply  of  power,  an  effort  should  be  made  to  have  the  main  switch 
opened,  the  brake  released,  and  the  worm  shaft  turned  either  by  pulling 
on  the  brake  pulley  or  with  a  wrench  on  the  end  of  the  armature  shaft  so 
as  to  bring  the  car  to  a  floor  landing  and  allow  th^  x^^^^^^S^^  ^  g^^  out. 

In  some  elevator  motors,  the  free  end  of  the  armature  shaft  is  ptirposely  made  sqtuuv 
to  facilitate  turning  the  shaft  with  a  wrench  as  just  mentioned. 

Car  Beyond  Control. — If  the  operator  find  he  has  lost  control  of 
the  car  and  cannot  stop  it,  he  should  not  become  frightened  but  allow  it 
to  make  the  full  nm,  relying  on  the  limit  stops  to  automatically  bring  the 
car  to  a  standstill  at  either  end  of  its  travel. 
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Limit  Stops. — The  operator  Ghould  not  rely  on  the  limit  stops  to  mala 
ft  top  or  bottom  landing,  but  should  operate  tbe  controlling  device  in 
the  car  as  he  woiild  to  make  any  intermediate  landing.  It  is  advisable, 
however,  to  test  the  adjustment  of  the  limit  stops  and  determine  if  the; 
remain  in  proper  working  order  by  trying  them  once  daily  by  means  o( 


Pig.  S.27Z. — Michme  limit  rtop  or  lafety  device  placed  on  tlie  uucbioe  to  prevent  over  trsnl 
in  cue  the  stops  on  the  shipper  raps  become  inactive  by  tEie  brealdng  of  the  rope.  /(  con- 
tlwli  of  a  threaded  extension  A,  on  tb«  dniin  shaft  upon  which  a  travding  nut  B,  mom 
in  a  fiied  ratio  to  the  niovement  of  the  car.    The  ahipper  Tope  pulley  N|ifi  on  that  portion 

threaded  portion.  Owing  to  two  lugfs  on  the  nut  E,  which  £t  in  ilote  ia  the  bracket,  the 
tuit  can  move  only  parallel  with  the  ahaft  wlien  the  drum  rotates  unless  the  shipper  rope 
aheave  N,  moves  also.  On  each  side  of  the  nut  E,  then  are  claws  that  engage  with  ^milar 
4^wB  ort  the  inner  sides  of  the  nuts  V,  and  &i  when  E,  and  V,  orE)  and  S,  come  together. 
Check  nuti  on  the  outer  aides  of  tbe  nuts  V,  and  S.Kcuraly  clamp  tbe  latter  to  the  djiuo 
ahaft.  so  that  when  the  nut  E,  enga«ea  either  with  V.  or  S,  it  will,  by  means  of  the  bnwdBt 
8.  shift  the  Bhipper  rope  sheave  K.  thus  cutting  oFF  the  current  from  the  motor  and  ap- 
plying the  bralce.  If  the  nuts  Y.  and  S,  be  located  ont  he  threaded  porliao  of  tbe  shaft  m 
that  conts'^t  is  made  between  them  and  tbe  nut  B,  when  the  car  reaches  its  limits  of  travel. 
the  operation  of  Che  device  will  atop  the  car  automatically  at  both  these  points. 


Leaving  Car  for  the  Night. — When  the  elevator  is  left  for  the  tu|^t, 

the  car  should  be  brought  to  the  lowest  landing  and  allowed  to  remain 
there.  Care  must  be  taken  to  open  the  main  switch  connecting  the  motes' 
to  the  supply  circuit,  before  leaving  the  premises.  In  fact,  whenever  tha 
ear  ia  to  be  left  idle  for  any  length  of  time,  this  switch  should  be  opened 
to  prevent  any  possibility  (»E  the  motor  starting  up  and  causing  d 
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CHAPTER  134 

Cranes 

By  definition,  a  crane  is  a  machine  for  lifHng,  lowering^  and 
moving  a  load  in  a  horizontal  direction  ^  as  distinguished  from  a 
hoist  which  simply  lifts  and  lowers  a  load. 

With  respect  to  range  of  movement,  cranes  may  be  classed  as:  1,  rotary; 
2,  rectilinear;  and  3,  combined  rotary  and  rectilinear. 

In  addition  to  the  ordinary  forms  coining  under  these  heads, 
there  are  some  miscellaneous  types  known  as 


1.  Sheer  l^;s; 

2.  Transporters; 

3.  Telphers  {SSSSSU«n.. 


Rotary  Cranes. — In  this  t3rpe  of  crane,  the  construction  is 
such  as  will  permit  the  load  to  be  lifted,  lowered,  and  moved 
radially. 

It  is  usual  for  the  framing  to  be  capable  of  making  a  complete  cirde. 
To  reach  a  given  point  a  radial  and  an  angular  movement  are  necessary. 

Rectilinear  Cranes. — ^This  form  of  crane  differs  from  the 
preceding  type  in  that  the  load  is  moved  linearly  instead  of 
radially. 

To  reach  a  given  point,  a  longitudinal  and  a  transverse  movement  are 
necessary. 
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Combined  Rotary  and  Rectilinear  Cranes. — ^A  mtxKfica- 
tion  of  the  traveling  crane,  which  combines  the  functions  of  tfc 

two  classes,  rotary  and  rectilinear,  consists  in  pivoting  one  end 
of  the  bridge  of  a  traveling  crane  and  supporting  the  other 
end  on  a  circular  gantry.  Most  of  the  mechanism  is  identical 
with  that  of  the  traveling  crane. 

Transporters. — By  definition  a  transporter  is  a  lifting  and 

transporting  machine  designed  to  carry  loads  between  two  fixed 
points. 


Tare  construction;  Sfandara  arab  buciet  trolley  soiUMe  f 
lb  bucket,  oneiope  being  aHachad  to  bailof  butkct  and  the  ot 


one  train  of  tompensatine  gcan.  .  TV 
hoistin^drunnarBfinishcdallovar.andhawHrooveacutGothatthebucketaWtedvwtinll)- 
without  twisting,  and  the  load  is  dislributci  equally  to  both  bridge  girders.  OnodniniB 
6tted  with  a  foot  brake  of  the  post  type,  balanced  and  ptaitively  wi '-■ 

™  ■     .^-nfebrakali'i^raledbyBfodr  ■ 
bv  two  sets  of  rope,  the  tension  in 

B  sra,  avoiding  the  possibility  of  Black  rone! ...,„, ,  .-- 

of  tho  ropes  ahouM  the  other  break.  The  hoisting  mechanism  13  controlled  by  poWenui 
brakes,  preventing  the  dropping  o!  the  bucket  or  running  down  by  gravity  under  any  "Wli- 
tkra  of  service .  Tte  opening  of  the  bucket  or  dumping  of  the  load  13  by  tlie  aimplo  amIicBlKf 
o  the  foot  brake.  When  the  open  bucket  tomes  in  contact  with  the  raatenal  to  be  iiandled. 
the  controller  ia  moved  to  the  hoisting  position.  Thia  closes  and  theiEby  fills  the  bucket, 
which,  without  further  manipulation,  is  hoisted  to  the  desired  dumping  point. 


_._,__..  scage.    Th 


It  is  used  chiefly  for 
handling  comparatively 
light  loads  at  quick  speeds 
and  employed  largely  for 
the  conveyance  of  ma- 
terials suchas  coal  in  bulk. 
For  the  latter  service  it  is 
provided  with  an  auto- 
matic grab  instead  of  a 
■book. 


Crane  Motors. — For 

driving  the  traveling, 
traversing,  and  slewing 
motions  of  crane,  series 

F  wound  motors  of  a  gener- 

ally similar  type  to  those 
used  Jor  electric  traction 

give  satisfactory  results,  this  work  being  in  fact  a  simple  class  of 

electric  traction. 


no  anu  o,i*u,— I'juea  LTane  congcmcuon:  Dno^  enru  or  irucica-  The  bridce  enda 
iltupof  plausandBTiglfa.Bsillustiated.crraf  heavyEtcelchaniieliorlbeams.dfpimil- 
ing  upon  tho  type  and  capacity  of  the  crane.  Heavy  gusaetplates  connect  the  Eirders  and 
bndge  ends,  ojid  prevent  the  girders  settina  out  of  EQuare.  "nie  bridge  ends  extend  beyond 
the  wheel  and  are  capped  at  the  ends  with  a  removable  Bt«el  plate,  provkion  being  made 
for  attacliing  wooden  bumper  blockn.  which  prevent  the  wheels  and  Rean  of  two  cranes 

___:__: .,^_u . re  on  the  same  runway.    The  truck  wheels  may  be 

«,  jadangup  the  bridge  ends  ju&t  enough  to  Temova 
the  aile  and  rolling  lEe-wheel  out.    Lubrication  of 


The  drivittK  of  the  hoiBting  motim  presents  a 
for  though  it  is  easy  to  lift  the  load  wp,  it  is  not  always 


J  eaS7  to  get  it 


A>wii  again  in  a  satisfactory  n 
Automatic  Electro-magnetic  Brakes. — It  is  cttstomary  to 
fit  the  hoistii^  motion  with  an  electro-magnetic  brake. 


drive  motor  and  are  co. 

OTHBSii..  A«ub«unlialjplalfonm 


The  coil  of  the  solencnd  or  electro-magnet  is  in  circuit  with  the  hoisting 
motor,  GO  that  when  current  is  switcheid  on  to  the  motor,  the  brake  is 
rdeased,  and  vrhea  it  is  switched  oS,  the  brake  is  applied.  This  makes  an 
excellent  safety  device,  but  as  it  can  only  be  ofl  or  full  on,  it  cannot  be  used 
to  r^pilate  the  descent  of  the  load  when  lowering. 

In  cases  where  the  driver  has  access  to  the  gear,  as  in  locomotive  jib 
cranes  and  derricks  an  addition  may  be  made  to  the  electro-magnetic 
brake  in  the  form  of  a  hand  or  foot  rdease  lever,  by  which  the  brake  can 


^™ •'^•'^!:?*':r"''^™Sf'?°^'™''*™- H^tno l»»l"-  It »of the ironel*! wl^did 
3^S?i^"'v^i  *  I™"™^  to»li8b«nd  which  enguea  ahnOBt  the  entire  arcumfeiraos 
e*  a.tumed  and  b^nced  wheel.  1t»  hand  u  of  tpMUileel  and  lined  with  a  renewable 
incti™  weatija  tiuface.  The  brake  i»  alwayi  on  winn  there  i»  no  cunent  flowing  througb 
the  motor  and  n  alwayi  off  when  motor  ii  milling. 

be  released  or  its  pressure  regulated.  Loads  are  then  hoisted  by  the  motor 
and  are  allowed  to  run  down  by  their  own  weight,  the  speed  of  descent 
bemg  r^i;dated  by  the  brake. 

Where  tiie  driver  operates  the  gear  from  a  distance,  the  arrangement 
just  descnbed  is  not  practicable  and  some  automatic  or  electri^jly  con- 
trolled arrangement  must  be  used  to  check  the  speed  of  descent  ^  the  load. 

Automatic  Mechanical  Brake.— This  type  of  brake  is  tis- 
ually  of  the  disc  type,  and  is  arranged  to  allow  the  gear  to  run  freely 


in  the  direction  of  hoisting,  but  holds  it  from  running  in  the  op- 
fosiie  direction,  being  applied  by  a  screw,  or  it  can  be  arranged 
to  be  operated  automatically  by  the  load. 

The  brake  is  released  by  running  the  motor  in  the  direction  of  lowering. 
As  the  motor  releases  the  brake,  the  load  t«nds  to  put  it  on  again;  conse- 
quently the  speed  of  descent  depends  upon  the  speed  of  the  motor ,  and  this 
can,  of  course,  be  regulated  by  tiie  driver  by  means  of  the  controller, 

Eddjr  Current  Brake. — ^ITlis  type  o£  brake  is  only  used  to 


cxintaiiKd.  All  thrvsO 


a  limited  extent.     It  consists  of  a  wheel,  generally  of  copper  or 
other  metal  of  low  electrical  resistance,  which  is  arranged  to 

rotate  between  the  poles  of  an  electromagnet. 

The  wheel  is  driven  by  the  descending  load,  and  eddy  currents  are  gene- 
rated in  it,  which  give  rise  to  a  retarding  torque.  The  eddy  currents  and 
the  consequent  torque  are  regulated  by  varying  the  strei^th  of  the  magnet 
by  means  of  a  regulating  switch  and  resistance. 

Rheostatic  Brake.— For  this  form  of  braking,  the  controller 


is  provided  with  several  positions  on  the  lowering  side,  called 
brake  points. 

In  these  positions  the  controller  alters  the  connections  of  the  motor  to 
those  of  a  series  dynamo,  so  that  it  generates  current  when  driven  by  the 
descending  load,  the  energy  being  absorbed  by  the  controller  resistance. 
The  speed  of  lowerii^  is  regulated  by  varying  the  resistance. 

R^enerative  Control. — Instead  of  a  series  motor,  a  shunt 
wound  motor  may  be  used  to  drive  the  hoisting  motion. 


Pics.  S.2S8  to  S.ass. — Nile*  cnne construction:  CMiUcMnx limt ("itd).  tlcomMtot^ 
worm  vh«1  inth  mkduDcd  teeth  actiuted  by  a  tamed  steel  worm  which  is  attached  directly 
to  tbe  haistinf  drum  shaft.  The  releue  jnechsfiina  it  operated  by  a  positive  stop  on  the 
wonn  wlieel  with  a  by  pais  attschinent  which  preveDti  damage  to  the  iwitch  by  over  boiitiiiE. 

..... !._.. ......__...  of  a  qyiclc  break  typf  operated  b?  a  powerful  iprioa-    When  the  switch 

mot  be  opented  until  the  switch  is  let  byband,  alter  which  the  hook 
height  in  the  danger  sone.    when  tb«  book  is  out  ti  the 


vopeixted 
\Mjt  uQ  ihiiBwu  vj  kjie  jjuuimum  heigh.  _ 
dsnger  toae,  th^release  stop  is  automat 


A  shiuit  motor  has  the  advantage  that  its  speed  can  be  efficiently  regu- 
lated over  a  fairly  wide  range  by  inserting  resistance  in  its  field  circuit. 
By  this  means  considerable  variation  of  speed  in  lifting  and  lowering  may 
be  obtained  without  the  necessity  of  having  variable  speed  gear  in  the  hoist- 
ing train,  and  when  lowering,  the  shunt  motor,  if  overhauled  by  a  load, 
becomes  a  dynamo  and  feeds  current  back  to  the  circuit ,  thus  automatically 
controlling  the  speed  of  lowering. 
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Collector  Gear. — For  overhead  cranes  copper  wires  about 
one-quarter  to  three-eighths  inches  diameter  are  stretched  along 
the  gantry,  being  supported  at  the  ends  by  globe  strain  insu- 
lators. Trolley  wheels  or  slides,  mounted  on  the  end  carriage, 
make  contact  with  these  wires. 

Controllo^. — The  drum  type  is  generally  used,  the  various 
eombinations  of  connection  for  hoisting,  Unuering,  etc.,  being  ob- 
tained by  rotating  this  drum  into  different  positions 

Telpherage. — This  word  is  defined  as:  Automatic  aerial 
transportation  as  by  the  aid  of  electricity,  especially  that  system  in 
which  carriages  having 
independent  motors  are 
run  on  a  stout  wire 
conducting  an  electric 
current. 

Telpherage  properiy 
incluoes  those  systems 
employing  a  wire  or 
cabl«  for  a  track,  but 
the  terra  is  eironecmaly 
applied  to  systems  usiag 
a  tail.  There  are  two 
divisions  of  telphers:  1, 


automatic. 

The  centred  of  the 
automatic  type  ia  re- 
mote from  the  telidier. 


Pia.  8,S3fl. — Nil«  electric  mono-tail  hoitt,  built  is  cupacitic)  from  ChreeTquuten  to  ta  ton. 
Tber  irill  run  on  stniaht  and  curved  tncla,  and  are  Eeoenllr  provided  vith  b  •epinta 
ootoi  for  tnveniiia.  Tbebcaat  it  (df-conUined  inoMtieBvy  can  iron  IrmicB  to  which  tbe 
motota  an  attached  end  on.  and  tho  i>oweT  ii  transmitted  dinctly  from  the  amaton  abaft 
to  tbe  dcum  shaft  through  worm  and  worm  wheel.  Tlie  tnvenins  mechanism  is  also  driven 
tqr  worra  and  worm  wheei.  similarl)'  to  the  hoisting tnedianitm  ucoit  that,  when  the  trDUoy 
i*  arranged  to  nm  on  B  ungle  Ibeun.Bdoubleaet  of  tnnnniBBongtanisuMd.  The  woim 
ISt9r  mechanism  is  enclosed  in  oil  and  dust  proof  caungs,  and  is  nobeless  in  (nwratlon-  In 
addition  to  the  braking  eifect  obtained  by  use  of  the  worm  atfd  worm  wheH,  a  powerful 
electric  broke  is  attiched  to  the  hoist  motor. 
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the  non-automatic  type  being  controlled  by  an  operator  who  travels  with 
the  load  who  operates  both  the  telpher  and  hoists  from  a  cab  or  case  which 
is  attached  to  the  telpher  or  carnage. 

Telpher  Motors. — ^The  sizes  of  motor  for  telphers  and  hoists 
will  depend  upon  the  class  of  work  to4>e  done;  the  motors  for 
telpher  tractors  vary'from  5  to  15  h.p.  and  for  the  hoists,  from 
3  to  75  h.p.,  the  loads  being  from  600  lb.  to  30,000  lb.  The 
driving  wheels  and  the  motors  may  be  connected  by  gears  or 
by  chain  drive.     Slow  or  meditim  speed  motors  are  used. 

Brakes. — The  mechanical  t3rpe  of  telpher  brake  is  used  and 
the  hoist  brake  is  of  either  the  electro-mechanical  or  electro- 
dynamic  types. 

Spur  gears  and  chain  drive  on  the  tractor  transmit  the  xx^wer  from  motor 
to  track  wheels,  and  either  spur  or  worm  gear  is  used  to  transmit  power  to 
the  hoisting  drum. 

Trackage. — ^Telphers  either  run  in  one  direction  on  a  closed 
track  circuit,  or  to  and  fro  over  a  single  line. 

r 

On  the  single  line  and  automatic  telphers  reverse  themselves  on  com- 
pleting their  trips. 

The  spacing  between  the  cars  is  regulated  automatically  by  a  block 
system. 

Cableways. — ^The  term  cableway  may  be  defined  as  a  rec- 
tilinear hoisting  and  conveying  apparatus  supported  by  a  cable. 

A  cableway  will  take  up  and  deposit  loads  an^rwhere  along  a  line  directly 
underneath  the  main  cable  j  and  by  means  of  switch  blocks  it  may  be  made 
to  serve  an  area  having  a  width  of  about  15  feet  or  so  each  side  of  the  cable. 


4,158  -  798 


ELECTRIC  BELLS 


CHAPTER  135 


Electric  Bells 


The  great  multiplicity  o£  bells  may  be  classified 
1,  With  respect  to  the  ringing  feature,  as 


a.  Trembling  or  vibrating; 

b.  Single  stroke; 

c.  Combination  vibrating  an 
single  stroke; 

d.  Ccotinuous  ringing; 


2.  With  respect  to  the  magnet 
winding,  as 


c.  Differential  winding; 

d.  Combined  differential  and 
and  alternate  winding; 

«.   High  voltf^^  winding; 
/.   Alternating  current  wind- 
ing (polarized). 

,  With  respect  to  the  form  of 
of  the  interrupter,  as 


o  rftOroiiTMN  or  rum  or  KLtcnuc  ■ 
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.11  vibrating  bell.    It  hu  a  skeletoa  t] 


B  fnaw,  pivoted  uiMtaM,  cut 
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4    With  respect   to  5.  With  respect  to  6.  With  respect  to 

the  magnet,  as  the  frame,  as  the  mode  of  oper- 

a.  Siiigle  magnet;  o.  Skeleton;  ation,  as 

b.  Double  magnet;  i.  Iron  bos;  .    oi«^-  „^-_^. 

"w^^*'"'-  -^°^-^-  :Kie^^: 

"«  ^'^S'-  (.  El«tricaI.mSi>an- 


HvibradagtMlI.    Itcoasiataof anelect: 
mcr,  bell,  und  frame.    In  optratlon. 


?IG.  8,289. — Elfmentarv  Eingls  Btroke  bell.  In  optratlon.  trhen  the  push  button  is  pieEKd. 
thacunsnt  eoergitei  the  muKnet  and  attract*  the  armature  eausina  the  hiimmerto  sltiln 
the  bell.  The  armature  remaina  in  the  attracted  positian  eo  long  ai  the  current  floiri  throush 
the  maEiiet-    When  connection  with  the  battery  is  broken,  Uie  hammer  4priug  pulla  the 


Trembling  or  Vibrating  Bells. — This  form  of  bell  is  perhaps 

more  extensively  used  than  any  other.     It  consists,  essentially. 


NOTE.— The  aetiei  at  cuts  reprewnting  various  elemenUry  bells  nt  Ir 
trate  prlndptma,  metallic  circuits  bang  shown  for  aimplkitr.  It  should  bt  no 
■Imctlan,  Uie  metal  Cnmc  of  the  bell  is  uwd  aa  a  "grouod"  or  return  ioHead  of 
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erf:  1,  an  electromagnet;  2,  pivoted  armature;  3,  hammer;  4,  con- 
tact breaker;  5,  bell;  and  6,  frame,  as  shown  in  fig.  8,288. 

Single  Stroke  Bells. — This  type  of  bell  is  one  which  gives 
only  a  single  tap  each  time  the  battery  is  connected  in  circuit.  Such 
operation  is  often  desirable,  as  in  signalling  with  a  code. 

Combination,  Vibrating  and  Single  Stroke  Bells.— This 

type  of  bell  is  simply  a  combination  of  tk«  two  bells  just  described, 
as  the  classification  indicates. 


LtVER 
RMATURC 


"Mas'" 


Fn.  8.SCI0. — Blcmentary  csmtmutioa  *ibntln(  knd  ungls  Hraka  betl.  It  is  cnentullr  a 
vibiatiilK  btU  as  sbown  in  fig.  S,!SS,  with  b  thud  taminal.  and  a  atop  to  prevent  continued 
contact  of  the  bMnmet  with  the  bell  when  worldng  lingle  stroke. 

Fro.  B.2BI. — BIcmtatiTy  shunt  or  short  dicuit,  comtination  vibrating  and  lingle  itrolEe  bell. 
Tbii  ia  aimply  an  ordinary  shunt  beQ  with  a  awitch  arranged  so  that  the  ahort  circuit 
through  the  contact  maker,  aimatun,  andlevermay  be  cut  out.  thus  leatrictina  the  current 
to  the  magaet  wiodina. 

Any  vibrating  bell  may  be  mode  smgle  Btroke  by  bringing  out  a  third 
connection  so  that  the  current  may  pass  through  the  magnet  without 
traversing  the  interrupter. 


ELECTRIC  BELLS  *01  -  4,161 

Shunt,  or  "Short  Orcuit"  Bells.— In  this  fonn  of  beU  the 
current,  during  operation,  is  not  broten,  but  as  tke  magtut  at- 
tracts the  armature,  &ie  current  is  shunted  or  short  circuited,  and 
thus  being  offered  a  path  of  very  little  resistance  as  compared 
■with  that  o£  the  magnet  winding,  most  of  the  current  flows 
throt^h  the  short  circuit. 


It  ban  vlth  ^iiBls  itralce  nritch.  Shunt  ercle  yrbtas  Ow  piub 
Dt  maeoctim  the  clectrD-mAsaeC;  2,  masodt  attract!  anoature; 
niacc  majUT  snon  cinuits  the  current;  4,  magnet  Tases  piBctKaUly  hH  oC  its  magiiet- 
6,  momentum  acquired  hy  moving  elemeiil  causes  hammer  to  itrike  heB;  fl.  temioD 
A  hacomer  ipriiig  ovocomea  veak  nuigD«tism  of  magneta  and  puUa  ajmatuie  away 
mi^iiet;  7,  near  end  oE  outward  Ewing.  contact  nisker  brcaka  circuity  S.  current  again 
wtice*  the  ma«oet;  0,  momentum  acquired  by  the  moving  element  csiues  it  to  COtt- 

Mt  the  attraction  of  the  maenet)  to  tiie  stop, 

iioiu  rinniie  bsD  witli  mechanical  draiii  mniRieiMr.  /(  If 
itins  bell  fitted  with  a  mechanical  circuit  mamtaioa  and 
ttallon,  when  the  batterv  circuit  ii  closed  momentarily,  tba 
lals  B  and  C.  On  the  swing  of  the  armature  toward  the  m*v 
iiBt,tiw  circun  mainiainer  tnpa  and  ita  ipring  cauiea  it  to  move  to  the  continouus  ringina 
pontion.  thus  awitehiiui  terminal  A,  wire  to  contact  brealfcr  via  trip  lever.  With  this  circuit 
It  li  evident  that  the  bell  will  continue  ringing  irrespective  of  whether  the  push  huttoo  b* 
held  down  or  released,  and  alio  that  the  rinAing  wiU'contiatie  until  the  ctrcuit  maintainer  ia 
met  in  ita  initial  or  open  poaition  by  a  puQ  on  the  maniul  control  cord.  Thia  tgpv  bdl 
ii  uieful  for  burglar  alarma. 

Since  thia  teducea  the  magnetum  to  >uch  ft  small  amount  that  tha 
attraction  of  the  ma^et  becomes  less  than  the  puU  of  the  hamioer  Bprin^, 
the  hammer  Ewings  back  to  its  initial  position. 

Contbiuous  Ringing  Bells. — This  classificaticn  represmts 
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a  form  of  vibrating  bell,  provided  with  a  suitable  attachment  jot 
mmniaining  the  circuit  after  it  has  been  once  established  by  pressing 
ike  push  center,  regardless  of  the  fact  that  the  latter  may  be 
only  momentarily  held  in  the  closed  position. 


s  those  n 

1,  Mechanical  circuit  maintainer;  2.  Electrical  circuit  maintaincr; 

3.  Combination  mechanical  ajid  electrical  circuit  maintainer. 


et  the  circuit  maintainer  the  nianiml  control  button  ia  pui^ed  upward 

actrisHibove  the  pawb  and  the  latteispring  back  to  their  son-'  ' 

le  weight  of  the  moving  element  i>  held  by  tSa  s^-nla. 


jd  upward . 

lormol  (vertical) 


Fig.  B.2BS, — Elementary  continuom  rinyit^i  bell  with  dMtro-iiKclbaiiMaf  tiiCMil  matnlaiiur. 
In  oparailon,  when  the  •taitias  cimut  u  cloMd  by  deptewms  the  piuh  button,  cuncat 
«neigiie<  this  one  coil  •lectromasnet  attnctiDs  the  annatun  irhich  duengues  the  trip. 
Tlie  ipring  snap!  the  circuit  mautauer  lever  over  to  the  cloied  poBtion  ai  ahown  by  the  dottsd 
lioeB,  the  trip  lever  being  dnwn  back  by  the  tpcins  ai^ioM  the  nop  when  the  push  button  is 
teleased.  The  bell  beginning  to  riiw  as  soon  as  the  circuit  maintainer  lever  doses  tlie  circuit 
thsough  the  contact  breaker  and  bdl  msflnet-  To  rea#t,  the  manual  control  is  gulled  down 
until  the  drcuit """"°"—  levnt  ttrilCBs  the  stop,  tils  trip  end  will  than  engage  with  tha  daw 
of  the  trip  lever. 

8. — A  buzzer  may  be  defined  as  an  electric  call  signal 
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Differential  Bells. — This  tjrpe  of  bell  represents  one  of  the 
numerous  schemes  to  eliminate  sparking  at  the  contacts  of  the 
interrupter. 


binding;  2,  the  demagoetizing  vinding. 


I  opfratton,  when  the  battOT 
circuit  it  closed:  1,  Current  £owi  through  the  muKoetiiiTi^  winding  and  enerifiiee  tiia(;Tiet; 
3,  munet  ftttracti  the  atmature;  3,  coatHct  maker  closes  circuit  through  dcmasnetuiiv 
eoib;  4.  denuwaetiiing  coili  dFio»gneti»  the  magnet;  G.  Brmsture  wtmag  pulli  umatun  bait 

tfuiat  Om  Wop.  while,  8,  the  contact  malcei  bnala  the  circuit  thror-'-  ' •'— -"^ 

FtO.  8^.— ElementiTy  dillenntial  and  altemate  bell.    In  oparat 
circqtt  ia  ckiaed:    1 ,  currrnt  flowa  through  the  mafiietifiDf  winding  1 

P;  3,  mapiet  P,  attracU  end  A.  of  the  armature;  3,  contact  maker  c'  .  _^.  _. 

masnedxing  coil  D,  and  ainete  coil  5,  (of  masnet  G);  1,  demasietixins  coil  demagnfltuee  P, 
andS.maynetO.attriictaeod  C,  a<  the  antiature;  0.  contact  inalcer  hreala  the  circuit  thmugb 
dcmagaetiziag  coil  D,  and  nngte  coil  S.  lof  magnet  G]. 

In  order  to  get  the  desired  effect,  a  contact  maker  is  used  instead  of  a 
contact  breaker;  it  operates  to  control  the  current  in  the  demagnetixiug 
trinding  only. 

Combined  Differential  and  Altemate  Bells. — In  this  type 
ot  bell  there  are  two  separate  electro-magnets,  and  an  armaturt 
pivoted  centrally  between  them,  so  that  it  is  alternately  attracted, 
first  by  one  magnet,  then  by  the  other  as  in  fig.  8,36*. 
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Hlfth  Voltage  Bells. — In  designing  a  bell  for  operation  on 
high  voltage  currents,  that  is,  on  circuits  of  voltages  higher  than 
is  usual  in  ordinary  battery  installations,  provision  must  be 
made: 

1.  To  limit  the  current  to  the  proper  value; 

2.  To  secure  the  proper  working  conditions  at  the  interrupter. 

The  first  requirernent  is  met  hy  propOTtioning  the  tnagnet  winding  to 


Tic.  S,300. — Elementair  ultemiitinE  cuTrcnt  bdl  wilh  psmmnsit  magnet  umature.    In 
cuTtitiuction  tho  electro-DiaanetB  aie  wound  ninilarly.  that  a,inih4sam4  ^rtttion,  so  *s  to 

piaducalilcs  polea  which  umultaaeouilrniic]  and  attract  l]w  annaton  endi. 

BS  to  Bvtrid  an  undue  amount  of  current.     Sparldng  at  the  iatemipter 
may  be  prevented  by  the  use  of  a  condenser. 

Alternatli^  Current  Bells.— A  type  of  beU  used  extensively 
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in  telephone  work,  to  operate  on  the  alternating  current  fur- 
nished  by  the  magneto  is  shown  in  fig.  8,306,  and  its  operation 
illustrated  in  ligs.  8,308  and  8,309. 


Double  Acting  Bells. — This  type  of  bell  is  desirable /or  ratU 
road-signals  or  any  place  where  an  extra  loud  alarm  is  desirable. 

Motor  Driven  Bells. — ^This  type  of  bell  is  desirable  for  use 
where  a  Ibud  ringing  alarm  or  signal  bell  is  required. 

It  con^sts  essentUlly  of  a  motor  having  a  double  striker  mounted  at 

I  POSITION  .^TSfc.'^yO''' 

CONTROL 


Via.  8,312. — Elementary  clsetre-mechatticat  bell,    /n  optrMtkm, 
been  wound  up,  a  mofntataiypusti  oa  the  push  button  will  ~~ 
■ttncting  tha  control  levar  and  nising  the  pi    •  -   -     ' 
and  also  tbe  detent  dear  of  tba  delent  wheel. 


button  be  new  RlMied,  t 


the  detent  wheel.    As  the  large  g< 

the  ntchet,  gTadualli'  drawing  the  ban 
10  hamnwr  epring.  Aa  the  finger  ridea  of 
strike*  tho  bell  a  powrrfidbfcw.    At  tt 


a  awar  /torn  t! „ 

Lo  point  B ,  the  hammer  ia  auddeoly 
ame  instant  the  pawl  falla  into  the 
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the  armature  shaft  as  shown  in  fig.  8,311,  giving  two  strikes  to  each 
revolution. 

Electro-Mechanical  Bells. — ^Where  a  very  powerful  bell  is 
reqtdred  to  operate  at  a  distance  with  little  battery  capacity, 
the  electro-mechanical  bell  is  well  suited. 

In  this  type  of  bell,  (he  electric  current  is  used  simply  to  control  a  sprint 
operated  mechanism  which  supplies  the  energy  to  ring  the  hell. 


hMWCHKWT 


COCAtBATTtflV 


nnMMTM 


Line  SATrCRV 
CONSiDCItt«X  OlSTAOa 


AVnUAftV  CIRCUIT 
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Fig.  8.317.— Elementary  reUv  bell  and  connections.  The  relay  here  shown  is  in  pmafk 
identical  with  the  telegraph  relay.  In  operation,  when  the  tmsh  button  is  dcpreMed 
current  for  the  line  battery  in  the  auxiliary  drcuit  energizes  the  relay  magnets  which  attract 
the  armature,  moving  the  contact  arm  aqpainst  the  contact,  thus  closing  the  noain  drcuit 
and  ringing  the  bell.  Clearly  the  operation  continues  until  the  push  button  is  released, 
that  is,  when  current  ceases  to  flow  m  the  auxiliary  circuit,  the  relay  magnets  loose  tbdr 
magnetism,  the  relay  spring  pulls  the  annature  to  the  right  moving  the  contact  arm  againit 
the  stop,  thus  breaking  the  main  circuit. 

Fig.  8,318. — Elementary  relay  bell  having  amUmioiu  ring  dance.  In  operation,  when 
the  push  button  is  depressed,  magnet  8,  is  energized  and  the  same  action  takes  place  as  in 
fig.  8.317.  Now  if  the  continuous  ring  switch  be  closedi  mamet  M,  also  becomes  enefgized 
as  soon  as  the  main  circuit  is  dosed  by  magnet  8.  Since  M ^is  now  connected  wit^  the 
battery,  it  will  hold  the  contact  arm  m  the  closed  position,  irrespective  of  whether  the 
pushed  button  be  depressed  or  released,  causing  a  continuous  ringing  of  the  bell  until  the 
continuous  ring  switch  is  opened  by  hand. 


Relay  Bells. — ^Where  bells  are  to  be  operated  at  a  consider- 
able  distance  a  relay  is  usually  employed,  especially  in  the  case  of 
large  heavy  duty  bells  requiring  considerable  energy  to  operate 
them. 
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Bell  Wiling. — Always  start  to  wire  at  the  push,  and  run  the 
wires  from  the  piish  to  the  bell,  and  to  the  battery. 


cAnnelcjic 


INNEICJION 


Eotitic&mN. 


Fioa.  S,3ie  mai  8.320.— Radud 

0  Sow  thnagh  the  coili  for  a 

Fics,  8.321  andS.aaS. — Genenl  coiutnictioa  c€  «D  onlhurv  Doib 
button.    Pis.S.331eilsriorTHw-,fi(.S.3Z2iatai(Hvww. 

Pig.  8.323. — Special  nuh  batton  with  indkatiiw  buuer  imide.  uwAil  tor  any  anMai  ^fhtrt 

the  caller  lieviw  to  Imoir  psntivaly  that  the  bdl  hu  f^ven  the  aignal. 


Pio.  8.324. — Psper  wel^t  type  of  multi-iniih  button,  nitable  for  deak  uaa. 

Pio.  8,325.-7Coinbinatiiin  ttoBt  and  taUe  jiush  button  auitsble  for  dtmoe  room.    Tile  table 

rsd  wjiea.   Pirrt  anape  oS 


wire  until  it  ia  bruht  ai 
then  firmly  tirlit  uinn 


I  S,333. — Proper  method  of  making  ■  jrant  in  co 

.  of  the  it*w>1»tJTiy  coverinB  on  the  end  of  each  i- . , — —  ^-rr— 

ia  brisht  and  deui;  bend  uieee  inrei  into  the  podtJoa  ahown  in  £g.  8,320!  and 
'  *       li  other  aa  ahown  la  fi«.  8.327.    Second,  cutoff  the  pro. 

[■^uun  u  uiB  juiut.  and  then  iolder  tbe  Utter  to  prevent  cDrroaion.  Thii 
Weatam  Unioa  ipliee.  Thitd.  wrap  a  piece  of  adbeaion  or  friction  tape 
over  about  halt  an  inch  et  the  itttulatlng  covencs  at  aach  wire,  aa  In  ft. 
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BELL 


I 


PUSH 

CIRCUIT  WIRE 


CELuJI 


GROUND  PLATE       GROUND  PLATE 


Pig.  8,329. — Simple  bell,  metalUc  circuit. 

Pig.  8,330. — Simple  bell  cinmit  with  ground  return.    Instead  of  using  gnnmd  i>late8,  a 
convenient  method  consists  of  connecting  the  ground  wires  to  a  gas  or  water  pipe. 


more 


a 


BCLL 

PARALLEL 

CONNECTED  PUSH  BUTTONS 


k  k  k  k 


f 


CELL 


Pig.  8.331. — Parallel  connected  push  buttons  for  ringing  one  bell  from  several  points.  It 
is  obvious  that  if  the  push  button  were  connected  m  series,  all  would  have  to  be  doeed 
to  complete  the  circuit. 

Pig.  8,332. — Series  circuit  connections  for  ringing  two  bdls  from  either  one  or  two  nush 
buttons.  In  this  diagram  the  bells  are  in  series,  and  one  of  them  must  be  arranged  for 
single  stroke. 


SCRIES 

CONNECTED  BELLS 


rmj 


PARALLEL  ,,,„ 
CONNECTED  \^l^ 
BELLS 


^ 


ERICS 

PUSH 


CELL 


Pig.  8.333. — Series  connected  bells  for  ringing  two  bells  from  either  one  or  two  pushes. 
Pig.  8,334.— Parallel  connected  bells  for  ringing  two  bells  from  either  one  or  two  pushes. 
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PlG.S,33S. — Gravitr  (Irop inaunditor.    la  ojwnrHon, tbs ibutM 
ksob  Ken  on  tbe  iide  of  ths  cue. 

Fig.  8.336.— Shutter  or  gravity  anQimriatiw  Aran.    In  onmnttlm 
pleted  by  the  depression  of  a  push 
masnet  M,  *nd  pnerffiiea  its  core. 


Via.  8,337. — Anov  or  needle  itnnuaciBtCT  drop,  tn  oovatton,  irbcn  the  cuit 
through  the  coili  of  the  electromasiwt.  the  mmuturo  E,  timu  on  iti  pivot  toi 
magnet  core  A.  thereby  releaimff  the  arm  D.  which  in  fanino;  rot&tcB  tbe  arrow  to 
tioashomiin  dotied  lino.  The  arrow  ia  rent  by  pTesHng  kbutcan,  whKhmiKat 
curyinff  th«  aim  C 


Pig.  gJ3S. — Method  o<  wfaing  »B  annunciator. 

one  of  the  annunciator  puahes  Al.  A2.  etc.,  ia  pressed,  lottery  S 
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I  WIRE  WOUND' 
^     ON  NAIL  70 


i  prevent  bcih6 
§  Plastered  in 


BEL17W1RES 
IN  CONDUIT 


STAPLE 

LATH  NAILED  ^ 
OVCR  WrRES  TO 
PROTECT  FROM 

MeCHANlCAL 
-^    INJURY 


^i^^^^^^^mv^^ 


N_  HOLE  DRILLED 
HEADER 


TKROUGM 


FLOOR 


IRES  TOinJSH 
UTT0N5  AND  BATTERY. 


4-OUTLET  BOX  *  ^^^^ 
Fig.  8343.— Method  of  instatUsg  bell  wtnt  in  brick  house. 
Fig.  83M* — ^Method  o£  iastatlttig  bell  wires  in  unfinished  house  of  wood  constitiction. 
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VESTIBULE  PUSH  BUTTONS 


DUMB  WAITER  PUSH  BUTTONS 


Fig.  8^5. — ^Wiring  diagram  for  bells,  door  opener,  janitor*s  annunciator  and  dumbwaiter 
buzzer  of  a  four  story  apartment  house. 
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Fio.  8JH8.— Conneclions  tot  reducing  lighting  msin  voltage.     If  voltsBebi 

fits.  8,347.— Method  of  «ioneitniB  bell  rLnging  transfonner. 

MASTER 
Z  POINT 
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FlC  8,818.— Selectiva  aad  maatet  button  sy 


__..s  whh  the  battery  and  the  armature  ia  drawn  up 

- — „-.-  « that  the  drop  is  released  and  sUawed  to  fall  against  the  tt 
with  the_A^ binding  Ptwt.__  The  drop.^which  is  connected  witti  C.  bi 


g  post.    The  drop,  which  is 
;  and  aHowB  th«  uU  to  ring 
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Bell  Troubles. — ^These  are  due  to  a  variety  of  cause,  which 
Qay  be  easily  rectified. 

When  the  annature  sticks  to  the  niagnet  cores  and  fails  to  make  coi^ 
tact  with  the  screw,  the  trouble  is  generally  due  to  weak  spring,  or  to 
the  loss  of  brass  pieces,  which  are  inserted  in  the  ends  of  the  cores  to  pre-^ 
vent  actual  contact  with  the  armature.  A  piece  of  paper  stuck  over  the 
ends  of  the  cores  will  often  serve  as  a  satisfactory  remedy. 

When  the  bell  makes  a  screeching  sound,  the  trouble  may  be  due  to  a 
too  rapid  vibration  of  the  armature;  too  much  battery  power;  or  to  the 
fact  that  tiie  contact  screw  is  too  fkr  forward,  li  the  excessively  rapid 
vitmtion  is  caused  by  too  little  plav^  or  too  much  battery  power,  the 
fact  will  be  indicated  oy  violent  sparkmg. 


c 

31 
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IT 


COX 
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'iG.  8,3M.— Tett  for  emied  wire  In  bell  ctrcoit.  B,  repraientt  short  cttciiit.  in  tmUn§p 
discQDnect  the  wire  ffom  one  tenninal  of  the  tMittesy;  connect  a  short  piece  of  wire  B,  to 
that  terminal,  and  place  the  two  ends  C  and  D,  on  the  tongue.  If  the  ciicuit  wires  b^ 
touching  each  other  at  some  bare  spot  B,  the  current  will  flow  from  the  battery  alongP, 
to  the  point  of  contact  B,  thence  along  A,  to  the  tongue,  and  along  B,  to  the  batteryTrhs 
flow  of  current  will  be  indicated  by  a  metallic  taste  ^mm  the  tongue,  or  by  connecting  a 
telephone  receiver  between  C  and  D,  the  diaphragm  will  be  made  to  vibrate.  Withoutuw 
indication,  or  the  absence  of  the  metallic  taste  on  the  tongue,  it  is  probable  that  thetronblt 
is  due  to  a  break. 


'IG.  8,355. — ^Test  for  break  in  bell  dicuit.  A,  represents  the  break.  In  tmtin§,  take  a 
bell  to  the  battery  and  connect  it  between  the  circuit  wires  and  the  battery  at  the  points 
B.C.D,  and  B,  working  towards  the  push.  At  each  of  the  points  cut  away  a  little  of  the 
insulating  covering  of  the  wires,  and  short  circuit  the  latter,  beyond  the  bell  and  the  battery 
with  a  Imife  blade.  If  the  bell  ring  at  the  points  B,C.  and  D.  but  fail  to  ring  at  the  point 
E,  the  break  will  be  located  at  A,  somewhere  between  D  and  E. 

Dirty  contacts  and  loose  contact  screws  increase  the  resistance  of  the 
circuit,  tend  to  decrease  the  current  allowed  to  pass  through  the  magnet 
coils,  and  often  prevent  the  bdl  ringing  at  all.  It  should  be  notcKl  that 
the  contacts  are  of  platinum,  as  German  silver  and  other  similar  metals 
are  soon  corroded  away^  by  the  sparking.  The  contact  screws  should 
not  be  readjusted  unless  it  be  found  neoeisary  to  do  so  because  of  loosened 
screws. 
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THE  TELEGRAPH 


CHAPTER   136 


The  Telegraph 

The  simplest  form  of  telegraph  system  consists  of:  1 ,  live  wire; 
2,  battery  or  other  source  of  electricity;  3,  a  transmitting  instru- 
ment or  key  1  and  4,  receiver  or  sounder. 


Fig.  SJAS. — Blemmtir?  tmumhter  « ,.   -. 

k  conUct  uut  adjiutinc  tatw,  tmd  earned  oi 
■piii^  to  keep  tb«  liver  nansally  in  tb«  open  , 
cncut  when  the  key  a  not  in  use.    In  apmiMoi 
3id  Gnsen;  depnann^  the  diic  caoaei  tne  two  i 
circuit  for  Ainort  penpd  corream&de  to  a  "' 
period*  in  irtuch  tne  dicuit  is  closed  on  ii 

Classification. — The  telegraph,  like  other  inventions,  has 
been  considerably  developed,  resulting  in  numerous  systems. 
A  classification  of  these  various  systems,  to  be  comprehensive 
must  be  made  from  several  points  of  view,  as  with  respect  to: 

1,  The  kind  of  circuit,  as  2.  The  method  of  operating 

the  circuit,  as 
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3.  The  transmitting  capacity        4.  Method  of  receiving  as 

a.  Single  Morse  line;    d.  Quadruplex;        a.  Non-recording; 

b.  Diplex;  e.  Multiplex;  -     -p^^^^^.V*-/ by  perforations; 

c.  Duplex;  /.  Phantoplex.        *• -^e^"^^!^  1  by  5rintin«. 

Morse  Single  Line  System.^— This  ordinarily  includes 
a  battery  for  supplying  a  low  tension  current  and  a  line  wire 
connecting  two  or  more  stations  serving  to  establish  a  circuit  be- 


PIVOT  STANDARD 

PIVOT 


ADJUSTABLE 
STOPS 


SPRIftCs^ 


STOP 
STAHDMD 


5PRl«6 

ADJUSTine 

SCR^W 


BASE 


LiflE 


£L£CTRO-MAfiNET 
SOFT  I ROW 
J   CORC 


Pig.  8,359. — ^Elementary  sounder.  It  eoruUtm  of  a  heavy  pivoted  lever  arranged  to  vibrate 
between  two  stops  and  held  noinoially  against  one  of  these  stops  by  the  action  of  a  spring, 
there  being  an  electromagnet  which  when  energized  acts  on  an  armature  attached  to  the  lever 
causing  the  latter  to  move  from  the  upper  stop  to  the  lower  stop,  the  blow  thus  produced, 
owing  to  the  heavy  construction  of  tho  lever,  being  distinctly  audible. 


tween  them;  sl  return  connection  to  the  battery,  formed  either  by 
another  wire  or  by  the  earth  to  a  transmitting  key,  and  a  sotmder 
or  recording  apparatus  at  each  station. 

Ques.    On  what  does  the  operation  of  the  telegraph  depend? 

Ans.    An  electromagnet  can  be  magnetized  and  demagnetized  with 
great  rapidity  on  respectively  making  and  brealdng  the  magnet  drcoit, 
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representing  the  letters  of  tiie  alphabet  are  indicated  audibly. 
STATION  ,  -_  _«       STATION 


Pig.  8,360,— EltmfoUry  ihort  lino  dosti . 
an  dosed  &iid  current  0owi  wh:  ' 
inthBdownpositioii.    ThBneo , 

foot  Emvity  type  which  is  capable  of  lupplying  a  vory  weak  cutrent  ir>t  a  long  dufation  cf 

STATION^NSULWED  CONTACTi  STATJOM 


le  terminal  itatioru. 


PiO.  8^2. — ElemertEiy  relay-    Note  the  delicata  amu 

__..^j —  »»«-  *.^..i«ii^  very  llCtto  energy  to  operate.    A  relay 
:t  maker  at  tte  end  ol  the  armature  lever. 
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Relays. — In  general,  a  relay  13  a  device  which  opens  or  closes 
an  auzlllaiy  circuit  under  predetermined  electrical  conditions 
in  the  main  circuit. 

Its  function  is  to  act  as  a  sort  of  eUetrical  multtptfer,  that  is  to  say, 
it  eiuMes  a  eomparaiwely  tpeak  current  to  bring  into  operatimi  a  much 
atroniier  current,  thus  reducing  considerably  the  battery  capacity  required, 

"^'-'^^-COtJTACT  RELAY 

STOP-] 


■AUXILIARY  (MEIALLIC)  QHCUir 


*|L{«:AL  J^'^II      ■*"  6R0UND 

■MAIN  CELU 

8.363. — Elementary  Bhort  lin 


ivtly  maJiiTig  and  brealfin^  the 


and  breaking  ttie  ai __, 

erf  the  auiiUsry  at  local  ci 
npnxiuced  by  tha  heavy  ar 


1  enabled  to  [wins  into  action  the 

1U3.  the  movements  of  tha  delicate  relay 
of  the  rounder- 
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Jl  Repeaters.  —  When     the 

<  I  length  of  a  telegraphic  circuit 

|.a  exceeds  a  certain  limit,  the 

s|  worldly  margin  becomes  so 

»S  small  that  satisfactory  signals 

gl  cannot    be  transmitted  even 

J5  by    the    aid    of    increased 

S I  battery  capacity. 


This  limit  under  existing  con- 
ditions is  much  less  in  wet 
weather  than  in  <hy  weather. 
Under  such  ctmditions  it  was 
formerly  necessary  to  retransmit 
all  communications  at  some  in- 
termediate station,  but  this  duty 
is  now  performed  by  an  instru- 
ment called  a  repealer. 


jjS  By  definition  a  repeater  is 

.go  a   sounder    provided    witk    a 

a'l  circuit  maker,  for  synchron- 

Z^^  ously   controlling   a  second 

H  S"-^  circuit, 

III 

iZ  n  It  repeats  a  message  from  one 

e^.l  section  to  a  second  section  of  a 

§c^  lineby  aid  of  a  separate  battery. 


ill  Diplex  Telegraphy.  — By 

§  j"!  definition  this  is  a  system  which 

^  In  permits  two  mesaages  to  be 

gGj  transmitted   in    the    same 

«-gl  direction  at  the  same  time 

S  *  "  over  a  single  wire. 
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In  principle  the  receiving  instrument  at  the  home  station,  while  free 
to  respond  to  the  signals  of  the  key  at  the  distant  station,  shall  not  respond 
to  the  signals  of  its  associate  key. 

Duplex  Telegraph. — ^This  system  is  one  which  permits  the 


GROUND 


•  -T         MAIN      ^ 

Ra  battery 

GROUHD 


SECTION  A  LINE 


SECTION  &  UNE 


Fig.  8,866. — ^Blementaiy  so-called  "button"  repeater  (pioperly  called  repeater  ssrstem  with 
button  switch).  In  operation,  if  say  section  B  line  be  opened  by  the  key  of  the  operator, 
the  i^nnature  of  section  B  relay  will  open,  which  in  turn  opens  section  B  repeater,  wfacce 
circuit  breaker  breaks  the  circuit  of  section  A.  This  causes  the  armature  of  section  A  relay 
to  open,  followed  by  that  of  secti(m  A  repeater,  the  circuit  breaker  of  the  latter  also  breaking 
the  circuit  of  section  A.  The  operator  ot  section  B  line  cannot  now  close  the  circuit,  becavae 
it  is  still  open  in  another  place,  vis . ,  at  the  drcuit  breaker  of  section  A  repeater.  The  buttoa 
switch  eliminates  this  difficulty,  for  when  it  is  swung  to  the  left,  it  closes  a  spring  contact  C^ 
forming  a  connection  between  the  circuit  breaker  of  section  A  repeater,  enabling  the  operator 
cf  section  B  to  open  and  close  its  circuit,  at  pleasure,  while  nis  signals  are  rspeated  into 
section  A  by  the  action  of  the  circuit  breaker  of  section  A  repeater. 


REVERSING 
KEY 


NEUTRAL.  RELAY 


POLARIZED 
RELAY 

ground' 


Fig.  8.367. — ^Elementary  duplex  system,  in  ogtemtUm^  if  the  sender  depress  kev  Kt,  tliis 
brings  both  sections  of  the  battery  in  circuit  on  the  line,  causing  the  armature  of  the  neutral 
relay  R,  to  be  attracted.  If  now  another  signal  be  sent  by  the  depression  of  key  Kit,  the  full 
strength  of  the  current  traversing  the  neutral  relay  Rt,  will  be  reversed.  If  the  armatuTB 
spring  of  the  neutral  relay  Rs,  be  adjusted  so  that  it  cannot  resj>ond  to  the  weak  current  of 
battery  Bi.  it  is  evident  that  signals  may  be  sent  bj^feveisingttie  smaller  battery  Bi,  by  oMsas 
of  Kt,  which  will  (q)erate  Ra,  but  not  Ri. 
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j;  of  two  messages  simultaneously  in  opposite  directitnis 
over  a  single  wire; 

^here  are  several  systems  of  duplex  tel^raphy,  namely: 
1.  Differential;  2.  Polar  {^JSS^o',  3'.  Bridge. 


lolMWwla^l  I  I  H 


Fics.  S^SS  and  S3SB. — Dat&U  of  the  differentially  wound  third  spcxil  of  r1>t  of  tlw  Weinv' 
Pbillipa  tiriteni.  In  fig.  S,3ttS,  one  tcirnnwl  of  tha  battaiy  i«  ahown  erounded  whilc.tba 
other  tern^nal  ii  «bowD  connected  diffenntiAUr  with  two  «iual  windings  of  the  iaAgne|. 
The  current  divides  at  A.  half  Eaio|t  tbrouab  e«ch  coil,  _  It  may  be  observed  that  the  di' 
ftction  of  the  winding  of  one  coil  is  opRonta  tt  '*"'  "    " "'"""      "^    "    "'"       "   ' 


_  ,„ J  that  of  the  other.     Thus,  when 

.... . „, .jetintioa  trftbe  can  due  to  the  action  of  current  in  tiii 

coil  A-Cie  neutralized  by  the  presencs  of  current  in  the  coil  A-D,  and  as  a  reiult  the  eor 
is  not  inasnetiied  at  all;  u  that  the  letractile  nriag  attached  to  the  amatuiB  holds  thi 
latter  in  the  "open" jmaitioa  ai  ihown  in  fis.  8368.  If.  however,  while  the  coil  A-C,ie 
mains  closed,  the  coil  A-D  be  opened,  ai  in  fis.  S^SflS.  the  con  will  be  muiKtued  due  b 

■  -  '■- -'  '  "  — hilo  no  cunent  enisti  in  coil  A-D,  the  latter  nr 

I,  theiefore.  is  at 


It  in  the  ^>il  A-C  vbils  m 


a.  8370.— Detail  of  contact  breator  end  of  a  1 

ticn  of  contact ,  or  portions  of  the  stroke  of  Ir 
xntact  and  spring  contact  remain*  closed  it 
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Differential  Duplex  System. — This  method   employs  a 

relay  wound  with  two  sets  of  coil,  in  each  of  which  the  current  flows 
in  a  different  direction. 

CcMsequently  when  two  currents  of  egtial  intensity  are  passed  throu^ 
the  rday  at  the  same  time,  they  neutralize  each  other,  and  the  relay  does 
not  become  monetized. 


's  diffBTestifiJ  dttplcT  Bystem.    The  circuit  can  be  tmced  from  the  t( 


throuah  the  right  purtlon  of  the  relay  winding  to  the 
left  portioix  of  the  relay,  the  artlfieial  line  end  to  an 
the  cLrcu-t  ia  throush  battery  B.  to  Brouiid,  and  wnei 


Each  station  is  provided  with  a  differential  relay,  and  there  are  two  com- 
j)lete  circuits,  one  including  the  line  wire,  and  the  other  consisting  of  re- 
astance  coils  having  a  resistance  equivalent  to  that  o£  the  line  and  known 
as  the  artificUU  line. 
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The  key  and  battery  at  each 
station   are   conuDon  to   both 

drcuits,  the  points  of  divei^ience 
being  at  the  relay  BBd  at  the 
ground  plate. 

When  the  key  at  one  stntion 
niiich  may  be  called  the  home 
station  is  depressed ,  the  current 
flows  through  both  sets  of  coil 
of  the  relay  at  that  station  with- 
out producing  any  magnetizing 
effect.  Consequently,  the  relay 
and  sounder  at  the  home  station 
remain  unresponsive,  but  at  the 
distant  station,  the  current  will 
flow  through  only  one  set  of  coil 
at  that  station  and  will  cause 
it  to  operate  the  local  sounder. 
The  same  effect,  of  course,  is 
produced  when  the  key  of  the 
aidant  station  is  deprrased. 


Polar  Duplex  l^stem. — 

Each  station  is  provided  twA 
two  batteries  or  dynamos, 
which  are  arranged  in  such 
a  manner  that  the  direction 
of  the  current  in  the  line  de- 
pends on  whsther  the  key  is  in 
its  raised  or  depressed 
position . 

As  in  the  case  of  tix  diEFeren- 
tial  method,  the  current  divides 
at  the  relay,  which  instead  of 
being  of  the  differential  type  is 
known  as  a  polaraed  relay. 

The  Bridge  Duplex  Sys- 
tem.— This  method  is  based 
on    the    principle    of    the 


,4,186  -  $26 


THE  TELEGRAPH 


Christie  or  so-called  Wheatstone  bridge*.     It  is  tised  in  the 
operation  of  submarine  telegraph  cables. 

In  this  method,  the  relay  is  placed  in  the  cross  wire  of  a  Christie 
bridge  and  the  key  is  so  arranged  that  connection  is  made  with 
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Pig.  8^74.'^I>3ma]no  polar  duplex  system.  E  and  E',  are  the  dynamos,  E,  for  the  j>ositive 
aixl  B',  for  the  negative  current.  These  supply  their  currents  through  resistance  coils  R  R', 
either  of  German  silver  wire  or  of  incandescent  lamps.  K,  is  the  key  which  closes  the  load 
circuit  of  the  walking  beam  pole  changer.  The  position  of  the  lever  of  the  PoLs  changer 
determines  which  current  is  being  sent  to  line  through  the  pivot  of  the  lever.  The  two  way 
switch  S,  is  for  changing  ^m'  duplex  to  ground  connection  through  a  rheostat  RH»  for  tne 
'purpose  of  enabling  the  distant  station  to  obtain  a  balance.  From  the  switch  the  cturent 
sees  to  the  junction  of  the  two  coils  of  the  relay  where  it  divides,  one-half  going  to  the  main 
line,  if  the  Ime  circtiit  be  closed  at  the  distant  station,  and  the  other  half  through  the  artificial 
line  to  ground.  The  resistance  in  the  artifical  line  is  made  equal  to  the  resistance  of  the  line 
and  relay  coils  at  the  distant  station.  This  is  adjusted,  not  by  measurement,  but  by  trial. 
The  operator  at  the  distant  station  turns  his  switch  to  the  grotmd  ixisitibn  and  signals  axe 
then  sent  by  the  operator  at  the  home  station. 


•NOTE. — ^The  author  desires  to  emphaticallv  protest  against  appplying  the  name  Whesifr- 
stone  to  this  bridge.  This  ingenious  and  useful  system  of  electrical  measurement  was  &nlt 
described  by  Samuei  Hitnter  Cfkristie,  in  PhU,  Trans,  R.  S.,  1833,  95-142.  Wheatstone 
mmply  directed  attention  to  it  and  although /«/i  credit  was  accorded  to  ChrUtie  6y  WheatsHoiu 
forhu  admirabU  device,  electricians  have  ever  since  persisted  in  calling  it  the  Wheatstone  Bridge, 
fxM.  It  seems  probable  that  it  will  always  continue  to  be  known  by  that  name,  despite  tbm 
miustice  of  such  error. 
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the  battery  before  the  line 
'  leading  to  the  earth  is  broken. 
Adjtistable  resistance  coils  are 
placedinthe  arms  of  the  bridge 
and  a  wire  connects  the  key 
with  one  arm  of  the  bridge, 
which  is  completed  at  the 
!  opposite  end  by  a  suitable 

arrangement.  If  the  resist- 
ances be  eqtial,  the  relays 
will   not    operate   when    the 

Fig,  S,3T5, — Elftmentaiy  pol&rired  relay.  In  op9ratfon,  when  no  current  flowi  through  the 
electromagnet,  the  aimatme  (haYina  no  apring),  when  olaced  midway  between  the  peUta 
of  the  electromagnet  will  be  attracted  equally  by  each  and  accordingly  will  approach  neither. 
n^*n  hnwever.  the  electromagnet  ia  energized,  the  magnetism  thus  reduced  in  it«  ccn* 
fiasea  or  overcomea  that  due  to  the  permanent  magnet,  producing  unlike  polea 

.-ding  to  the  direetim  oC  the  current.  .Jhua  the  armature  is  attracted  by  one  and 

by  the  other.   The  magnetism  of  the  electiumagnct  cf  the  polarized  relay  changes  iu 

to  the  reveraala  ot  the  distant  battery  and  the  armatur-  ■-"- • ■'  •—  '-■ 

front  and  back  stop*  in  accordance  wilh  thoH  changes. 


r*  ute  main  line  batteries. 

at  each  atation.    The  va. 

In  optratkm.  closing  ttation  A  key 


while  the  other  half  twsna  through  the  artificial  line 

end  of  the  circuit.  Sines  the  rediCance  tietween  C  anc  _ . 

at  Cai»lD,aTBCqaftl,  and  mi  current  will  flow  tteoughtucion  A  relay.   This^ 


B  because  the  ineomliig 


_  __  atatun  A  artificial  line  ia  made  equal  te  the  resistance 

the  distant  end.    The  relay  al  »>»  accMdinaly  not  affected  w . 

_.r.. ..._! 1._  .._. >,  ._  .      Bi '-from  A  operate  the  relay  at 

_  _~™_ , , ,  -.  the  branches  CD  and  CA. 

op  a  dUCerence  of  pienure  betwoen  the  points  C  and  D  lufficieDt  to  opera' 
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ctirrent  is  transmitted,  but  since  the  earth  is  employed  to  com- 
plete the  circuit,  they  will  respond  to  the  received  current,  thus 
enabling  each  operator  to  send  and  receive  signals  at  the  same 
time. 

Quadruplex  System. — This  method  of  telegraphy  permits 
the  simultaneous  sending  of  two  messages  in  either  direction  over  a 
single  wire. 

Theoretically  it  consists  of  an  arrangement  of  two  duplex  systems,  which 
differ  from  each  other  so  greatly  in  their  principles  of  operation  that  they 
are  capable  of  being  used  m  combination. 


irrATIOflA 

(mills  ATPAKATUd  OIILY) 


mm  5 
(RECC1VII16  fifmm  mo 


OMTMIOQIK  RCr 


WMUDRKHTKCy 


mm.  RUn 


Fig.  8.378. — ^Elements  of  the  quadruplex  system.  For  simfilicity,  the  receiving  apparatus  is 
omitted  at  station  A  and  the  sending  apparatus  at  station  B ,  the  complete  installation  being 
shown  in  fig.  3,089.  Becatise  of  the  fact  that  a  polar  relay  responds  solely  to  changes  in 
direction  of  the  current,  and  a  neutral  relay  to  changes  in  strength, of  the  current,  it  must 
be  evident  that,  if  the  two  relays  be  connected  in  series  as  shown,  signals  may  be  produced 
by  the  i)olar  relay  by  operating  the  current  reversing  key.  and  with  a  sufficiently  weaJc  current 
the  neutral  relay  will  not  respond;  also,  if  the  directton  ot  the  current  be  maintained  constant 
by  using  the  variable  current  key  signals  will  be  produced  on  the  neutral  relay  but  not  on 
the  j>olar.  Hence,  with  this  arrangement,  two  messages  may  be  sent  from  station  A  to 
station  B  simtiltaneously,  and  by  extension,  if  the  reader  imagme  each  station  fitted  with 
both  sending  and  receivixig  apparatus,  four  messages  may  be  sent  at  one  time,  thus  giving 
quadruplex  operation. 


The  sending  apparatus  consists  of  a  reversing  key  and  a  variable  cturent 
key  (or  equivalent),  and  the  recieiving  apparatus  consists  of  a  neutral  relay 
and  a  polar  relay,  oatteries  and  connections. 

Telegraph  Codes* — ^There  are  three  codes  or  systems  of  signals 
used  for  general  telegraphic  purposes. 
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The  Morse  code  is  exclusivdy  used  in  the  United  States  and  Canada; 
the  Continental  code  in  all  European  and  other  countries,  and  in  all 
submarine  telegraphy  by  international  agreement;  the  Phillips  code  is 
used  for  "press   work  in  the  United  States, 


TtRMIhAL  A 
5 


0 


PC 


BA  -E- 


TtRMINAL  B 


fi 


GP 


RP 


CABLE 


FXG.  SiSSO.-^Diagiam  of  a  simple  submarine  telegraph  cable  circuit.    The  equipments  of  bofh. 
terminals  A  a^  B, 
polechai 
Datteries  BA.  BA',  and  the  necessary  grotind  ]?lates  .      . 

galvanometers 
batteries 

„  „ _  or  received 

at  the  respective  terminals.  By  means  of  the  pole  changing  switches  rC  and  PC,  op- 
erated bv  the  keys  K  and  K',  either  pole  of  the  battery  can  be  connected  to  the  condensers 
C  and  C',  and,  thereby  to  the  line  at  the  will  of  the  respective  operators,,  and  the  cables 
diaiged  inductively,  the  corresponding  signals  being  reproduced , at  the  distant  termmals 
by  connecting  the  galvanometer  with  the  une  by  means  of  the  switches  S  or  S',  as  the  case 
maybe. 


CALL 


X  e  5 


Pig.  8^1. — Diagram  of  elementary  fire  alarm  circuit.  Fire  alarm  apparatus  forms  that 
element  of  the  system  depended  upon  to  announce  to  the  fire  fighting  force  the  eadstenoe  of 
and  location  of  a  fire.  The  equipment  consists  of  gongs  and  indicators  located  in  the  fire 
oepartment  houses,  and  where  volunteers  form  part  ot  the  fire  department,  public  alarms 
are  given  by  means  of  devices  for  automatically  stxiking  laige  bells  or  blowing  whistles. 
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CHAPTER  137 

Telephones 

In  the  electric  telephone,  the  vibrations  of  the  diaphragm  of  the 
transmitter  are  transmitted  to  that  of  the  receiver  by  means  of 
electric  currents  sent  out  in  the  form  of  electric  waves  along  the 
conducting  wires  connecting  the  two  instruments. 
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Pig.  8,382.— Simple  toy  telephone,  whose  worldngjprmciple  is  similar  to  that  of  the  electric 
telephone.  In  operation,  when  the  open  end  ot  the  tube  A.  is  placed  before  the  mouth, 
the  vibrations  of  the  memtnane  C^  caused  by  the  varying  sound  waves  constituting  articulate 
human  speech,  are  transmitted  with  mechanical  action  by  the  string  £,  to  the  membrane  D, 
and  set  up  in,  the  latter  vibrations  corresponding  to  those  of  C.  The  vibrations  of  C,  cause 
sound  waves  in  the  air  which  are  propagated  according  to  the  principles  of  acoustka,  to  the 
ear,  placed  at  the  open  end  of  the  cylinder  B. 

The  current  used  for  this  purpose  is  of  vibrating  or  alternating  character 
and  its  strength  at  any  instant  has  direct  relation  to  the  sound  vibrations 
transmitted  by  the  voice. 

A  telephone  set  usually  comprises:  1,  a  source  of  electric  current  supply; 
2,  a  transmitter;  S,  a  receiver;  4»  an  induction  coil  consisting  of  pTVoaaiiry  and 
secondary  windings;  5,  a  receiver  hook  or  automatic  switch;  6,  a  oeU  or  ringer 
consisting  of  two  magnets  and  an  armature  and  two  bell  gongs,  and  7,  a 
condenser  with  common  battery  sets. 


Current  Source. — This  varies  according  to  the  system  used 
at  the  exchanges. 

The  "common  battery  system"  does  away  with  the  use  of  primary  cells. 
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The<2.c.  required  for  the  talking  and  for  the  ewitch  board  indicating  signals 
is  obtained  from  storage  battmes  charged  from  power  driven  avmunos 
and  the  a.c.  for  operatii^  the  subsoibei's  polarized  bell  or  ringer  is  obtained 
from  altemat(»^. 


Transmitter. — Fig.    8,383,    shows    a    form    of    transmitter 
lai^elyused. 

The  speaker  talks  into  the  month  piece  M,  and  the  sound  waves  caused 
by  bis  voice  impinge  on  the  metal  dtaphragm  D,  producing  corresponding 
vibrations  tha«in.  Attached  to  the  center  of  the  diaphragm  ia  a  bntton 
and  cup  of  bard  carbon  B,  opposite  to  which  and  fastened  to  the  frame  is  a, 
second  brass  button  B,  and  carbon  cup  A. 

The  space  between  the  two  cups  is  iilled  with  coarse  ^'anules  of  carbon 
C.    The  buttons  A  and  B,  constitute  the  electrodes  of  the  transmitter. 
The  electric  current  from  the  battery  passes  from  one  to  the  other  of  the 
dectrodeSithrouehthe  carbon  granules  which  form  a  conducting  path  con- 
sisting of  an  indefinite  number  of  loose  contacts.    The  resistance  of  the 
circuit,  and  consequently  the  strength  of  the  current,  can  be  regulated 
by  VBiying  the  rate  of  vibration  of  the  carbon  ^anules.    Theoutton 
B,   communicates    the 
vibrations  of  the  dia- 
phragm D,  to  the  car- 
bon granules:  therefore 
the  voice  of  the  speaker , 
characterized  by  the 
inflections  and  articn- 
lations  of  human 
«>eech ,  is  reproduced  in 
we  varying  strength  of 
the  electric  current. 

Receiver.  —  There 
are  numerous  forms 
of  receiver,  the  Bell 
receiver  being  the 
form  now  generally 
used,  as  in  fig.  8,38i. 
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la  operation  the  vHmiw  Htiength  of  the  electric  current  produced  by 
the  viorations  of  the  diaphragm  of  the  transmitter  causes  corresponding 
'  variations  in  the  maroettc  state  of  the  electromagnet  D,  making  it  act 
upon  the  diaphragm  B,  with  different  degrees  of  intensity,  so  that  the 
lutener's  ear  plac«l  dose  to  the  receiver  cap  readily  Tecognizes  the  charac- 
teristics of  the  speaker's  voice. 

Call  Bells. — These  devices,  for  attracting  the  attentit^  c£. 
the  party  desired,  usually  consist  of  a  folarized  beil  operated  by 
current  from  a  magneto  located  »«  a  box. 


?!□.  g,3Sl. — Belt  Sttndaid  bi-palu- : 
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Inter-Communicating  Switching  Device* — ^For  small  sys- 
tems such  as  those  of  hotels,  the  inter-commtinicatmg  switdc^ 
device  is  often  combined  with  the  telephone  set. 


.l'a"4/\/WW\/' 


dCOMOAHV 
COIL 


Fig.  8,386. — ^Improved  wiring  of  beU  box  hv  N.  Y.  Telapliono  Co.  If  an  wmfiairbblit 
wired  in.  the  two  sets  of  coil  are  connected  in  series  and  tiie  post  G,  is  used  to  oonaec^ 
loops;  otherwise  the  G,  post  is  not  used  unless  for  grotind  connection  in  party  wiia.  '^ 
markeklLl,  corresponds  to  post  A  in  fig.  8,385.  poitC,  corresponds  to  post fi.sndmstll 
oorrespondA  to  post  C,  in  nig;.  8.385,  C  referring  to  the  condenser  in  each  case.  ratS  i 
connected  to  switch  contact,  post  R,  to  reoeiver  cord  said  post  T,  to  fransmitter. 
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Fig.  8,387. — ^Two  common  battery  instruments  wired  so  that  only  one  bell  at  s  tunecc^ 
rung  by  Central  CpUin  3  N.  Y.  Tel.  Co.).  In  opmration,  with  the  listening  by  >^! 
(as  shown)  central  can  ring  only  the  main  station  bell  but  the  extension  can  talk,  vt.il 
throwing  the  listening  key,  the  main  is  completely  cut  out  and  allows  only  the  en^'i 
rin^  and  talk.  The  rmgin^  key  must  be  thrown  to  ring  the  extension  station  from  thtsa  ■ 
which  makes  the  system  mtercommnnicating. 
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^SlSs^^:""*^^??^  magnetos  wired  so  that  only  one  bell  at  a  time  can  be  rung  by  centfr^ 
corting  to  which  hstemng  key  is  thrown,  permitting  talk  for  any  telephone  wti»  fc^* 
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When  there  are  a  iai^  number  of  subscribers, 
an  exchange  or  central  station  is  necessary,  where 
the  wires  connecting  the  various  subscriber  or 
other  small  stations  can  be  joined  at  wilt  hy  the 
central  operators. 

Switch   Boards. — These   are   made  in 
sections ,  called  positions ,  for  central  offices . 

Pio.  8.388.— The  Blaira  miere^hone  .tranwiiitter.  In  this 
mtniniBiit  a  single  contact  is  malptained  betwem  tbs 
ptatuium  point  A,  and  the  poliihcd  faibon  button  B,  by 
nuant  of  tbe  adjusting  tcrvw  C,  actrng  uainst  the  itiqi 
of  .iron  D.  called  the  anvil.  The  vibntuni  of  the  dia- 
pbiagm  thus  aRectinf  tbe  cumat  which  pasies  bum  the 
batterr  tbrouflh  the  uvn  frame  nv  ?■  the  anvil  D,  the 
coaaectioD  O,  the  carbon  button  B,  the  platinum  point 
A.  and  out  aaain  from  the  contact  H,  of  the  quins  K. 
At  one  time  Ok  Blake  tnitraitter  formed  a  part  oftbe 
■tandard  equqicDent  of  almnet  every  telefmoe  in  the 
United  Stateg  and  rat  aln  laiBdy  ued  abroad.  No 
transmitter  has  ever  eiceeded  it  for  deanwH  t^  articula- 
tion but  it  is  decidedly  deSdent  in  pcnm  in  comparitoa 
with  the  modem  transmitteia.  The  latter  am  E^mqKned 
o(  granulated  carbon. 


Co.     tVllhthUtMp:c  ..        

controls  the  bull  s  rye  cord  signal.    There  are  as  many  station  jacks  ai „ 

there  are  eiteniion  stations  and  as  many  central  jicla  and  drops  as  there  are  central  (trunk) 
' le  buiier  kty  B.K..  one  night  key  N.K., 
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The  Tfiquirements  of  such  exchanget  ^e  satisfactorily  mt  by  t}ie  use 
of  various  forms  of  multiple  switdt  board  in  which  each  subscriber's  lime, 
instead  of  terminating  in  only  one  jack,  connects  with  several,  equal  to 
the  number  of  "positionE." 

This  arrangement  enables  each  operator  to  make  any  desired  codneo- 
tion  of  the  many  thousands  registered  in  the  exchange,  either  by  inserting 


Tie.  8391. — Hodcm  ilnglng  bcyt.  In  order  tci  nuet  the  needs  of  every  calling  subsciiber.  ths 
opeiMor  muR  pcrfonn  seventl  diSirent  sets  in  shitting  and  chancing  drciuts  and  to  facQ- 
i^te  this  work,  devices  to  simplify  it  as  much  as  possible  have  been  developed.  The  modem 
fingina  IceTS  have  sreatly  helped  in  the  saving  of  the  operatois'  time.  By  thiowing  the 
litua  leven  a  hard  rubber  burning  makes  or  breaks  the  contacts  at  the  sprinas  and  throv* 
atternatina  cunent  ringing  poarer  into  the  line.  When  the  finger  piesiuni  is  released,  llie 
lams  fly  back  again  into  normal  position. 


netal  strip  es 


which  is  the  drop  winding,  t^  ends  of  the  coil  wires  tcrmioating 
at  lugl  which  protrude  from  the  casing!  and  are  insulated  thercfiom.  Ths  dii^  shutten 
are  then  screwed  fast  to  the  metal  stnp  and  adjusted  so  ttiat  they  may  fall  euily  wbco 
Urn  aimatuia  is  held  op  by  the  magnet. 


The  Common  Batteiy  Telephone  System. — This  is  eome- 
tiines  called  a  central  energy  arrangement.     A  dynamo  at  the 
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central  office  charges  storage  batteries  over  night  with  electricity 
whidi  supplies  current  to  all  subscribers,  thus  affecting  a  cost 
saving. 


The  rtperaXo^s  equipment  consists  of  a  regular  head  or  hand  receiver 


or  outer  conhKts^  _  A«  ahown.  the  key  ia 


istsr,  suGBciiber  thfowi  extenuon  Ibtcnina  k^  and  coot 
mtoT^*  anentido  be  aaun  deaiied,  lineninK  nr  <*  tbiown  ni 

Hua  in  usual  way  on  any  end  eiLCept  ipecial  and  rinoi  "* 

liiteninE  key  be  tbrown.    Since  there  'a  no  liitenins  let 
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and  a  switchboard  transmitter  supported  on  an  adjustable  transmitter 
arm  with  cords,  or  a  breast  plate  transmitter  and  receiver  with  head 
band,  cord,  and  cut  in  plug,  also  the  necessary  condensers,  induction  ccnls, 
and  retardation  coils,  all  of  which  are  connected  to  the  listening  key  circuits. 

Central  Office  Exchai^e  Equipment. — ^This  consists  of 
the  necessary  apparatus  for  transmission  and  signalling  between 
private  branch  exchange  (P.B.X.)  switchboards  and  the  ex- 
change. 
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Fig.  8,905. — Booster  set  with  battery  connected  in  the  circuit  to  strengthen  transmitttns  and 
receiving  power  of  common  battery  instrument. 

Pig.  8,396. — ^Indei)endent  telephone  station  wired  for  local  battery  tallring  and  coomion 
battery  ringing. 

Pig.  8,397. — ^Wiring  diagram  of  two  party  line  R,  bell  station  with  G,  post  represented  as  con- 
nected to  ground  and  negative  side  of  alternating  current  generator  also  grounded.  When 
bell  is  rung,  ringing  key  throws  positive  ctirrent  in  instrument  at  L2,  across  condenser 
and  through  bell  and  out  at  G,  to  negative  side  of  generator  through  ground. 

Pig.  8,398. — ^Wiring  diagram  of  two  party  line  J,  bell  station  with  G,  post  represented  as  con- 
nected to  ground  and  negative  side  of  alternating  current  generator  also  grounded.  When 
bell  is  rung,  ringing  key  throws  positive  current  in  instrument  at  L2,  across  condenser  and 
through  beu  and  out  at  G,  to  negative  side  of  generator  through  ground. 

The  operators  sit  at  the  various  "positions"  of  the  switchboards, 
there  being  two  types  called  the  A  and  B  bo^xls.  When  a  subscriber  lifts 
the  receiver,  an  electric  light  bums  in  a  jade  and  the  B,  operator  answers 
with  the  answering  or  back  cord  and  throws  her  listening  key  and  says 
number  please. 


TELEPHONES 


When  tlie  subscriber  gives  the  number  she  gives  the  B,  operator  the 
number  by  going  into  the  B,  operator's  ear  over  a  call  circuit  button  on 
the  A,  board,  the  B,  operatOT  Uien  sets  the  ringing  key  and  gives  the  A, 
operator  the  assignment  of  a  trunk  and  the  A,  operator  plu^  the  calling 
or  fiont  cord  in  the  outgoing  trunk  multiple  in  the  jack  wWch  has  been 
given  her.  The  A,  operator  completes  the  connection  when  the  subscriber 
who  is  connected  thraugh  the  B,  board  answers,  the  light  or  drop  on  the 
cord  circuit  goes  out,  and  stays  out  until  the  parties  hang  up  and  then  the 
light  opens  on  the  A,  cord  circuit  and  the  A  operator  takes  down  the  cords 


Hliowine  the  primHry  And  eecondaty 

optrallOK,  when  the  r^y  irmature  is  held  up  , 
complete  to  LI.  poet  and  linga  through  gRRind. 


c.  8^400- — Wiring  dia^am  of  four  party  Line  J.  bell  station  Bhowkig  the  primur 

duoUon  eoil.the  Bt'jctive  ringiag  relay,  and  the  condenjer  connect*^  "    """ 

line.  One  end  of  the  bell  coil  connects  with  poet  G»  to  ground  and  c! 
the  relay  aimature.  When  this  armature  la  held  up  against  its  c< 
drcnit  ia  complete  to  X^,  post  and  rings  through  ground, 

G-  8,401. — Wiring  diagram  of  four  party  line  M,  bed  station  showing 
duction  coQ.  the  eelectivo  ringing  lelnv  and  the  eondenaer  connecte 
litfi.    One  end  of  the  bell  coil  conne 

relay  armature.     When  this  armatur ^  - 

is  complete  to  G.  post,  and  rings  through  ground. 

G.  &.402. — Wiring  diagram  of  four  jurty  line  W,  bell  Gta^on  aJ 

induction  coil,  the  selective  ringing  relay,  and.  the  condenser  coi„,-„. — .  . . 

U&j.  One  vt*i  of  the  bell  coil  counacts  with  L>1.  post  and  the  other  end  with  the 
tuie.  WheTthisaunaiuw  isheldunagainst  itacontacispring,  ■■  '  "  '  "■ 
to  ground,  ajd  rings  through  ground. 


of  thein- 
the  bell 


drcoitii  completa 
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and  as  soon  as  the  callmg  cord  or  front  cord  is  taken  out  of  tbe  outgoing 
trunk  jack  the  B,  operator  f^s  the  disconnect  signal  and  she  disconnects 
tbe  cord  from  the  number  in  tho  subscriber's  miUtiple.  In  all  cases  A, 
boards  are  connected  to  B ,  boards  by  call  circuit  buttons  and  the  B ,  operator 
does  not  talk  to  the  subscriber. 


1  terminate  on  jacks 


Vaxty  Lines. — These  are  so  arranged,  that  the  telephones  of 
a  number  of  subscribers  may  be  connected  on  one  circuit  so 
that  all  have  a  common  drop  and  jack  at  the  exchange  switch 
board.  Systems  of  this  type  are  frequently  adopted  where  the 
business  is  small  in  proportion  to  the  length  of  the  line. 


Plc.  8.403.— stock  Eiehangeertent . 

when  main  wanti  eitcnsion.  the  ringina  Icey  ia  usEd  with  ringiog  pomi. 
ia  not  conneettd  but  one  can  talk  tram  the  instrument.       ^^ 

PlQ.  8.4«,— Police  alEnal  box,  showing  the  beH  and  condenier  connected  aa  luoaJ  tcitn  the 
line  between  LZ  anS  G  po«a.  In  conrlruetlon,  the  switch  hook  is  insulsted  feom  tb« 
inslruioent  by  hud  lubber  bushing). 
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90  TELEPHONE  TROUBLES 

Subscribers^  Troubles 

I.  open  bell.    2.  Open  condenser.    3.  Open  bell  strap  wife. 

4.  Bell  out  of  adjustment.    5.  Open  auxiliary  bell. 

Effect:  Can  call  central  but  central  cannot  ring  subscriber  although  both 
can  talk. 

6.  Open  receiver.  7.  Open  receiver  cord.  8.  Open  secondary 
coil. 

9.  Open  switch  hook  contact.  10.  Receiver  diaphra^^  miss- 
ing. 

Effect:  Can  hear  central  ring  but  cannot  hear  talking  with  receiver. 

II.  Open  primary  coil.    12.  Open  switch  hook  contact. 

13.  Open  transmitter.    14.  Open  transmitter  cord. 
Effect:  Can  hear  central  ring  and  talk  but  cannot  talk  back . 

15.  Dented  receiver  diaphragm. 

16.  Swinging  open  (cut  out)  receiver  cord. 

17.  Short  circuited  induction  coil. 

18.  Reversed  secondary  connections. 

Effect:  Can  hear  bell  ring  but  can  hear  talking  only  faintly. 

19.  Packed  carbon  granules  in  transmitter. 

20.  Cut  out  transmitter  cord. 

21.  Primary  coil  reversed. 

Effect:  Can  hear  central  ring  and  talk  but  cannot  be  heard  clearly. 

22.  Swinging  ground  on  ring  side  of  line. 

23.  Line  crossed  with  other  lines. 

24.  Party  wire  biasing  spring  out  of  adjustment. 
Effect:  Bell  rings  occasionally  without  cause. 

25.  Loose  connection  at  one  or  both  sides  of  line . 

26.  Cut  out  desk  stand  cord. 
Effect:  Noisy  line. 

27.  Open  line  wire.    28.  Open  inside  wire. 
29.  Badly  corroded  inside  or  outside  wire. 
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Eifeet:  Subscriber  oonnot  call  or  be  called.  TesU  Strap  out  opens  with 
test  receiver.  Disconnect  short  circuited  lines  and  then  test  by  stiappng  a 
test  receiver.    9i£dce  cut  out  cords  to  locate  trouble. 

Private  Branch  Exchange  (P.B.X.)   Traitbles 

30.  Generator  feeder  not  correctly  poled. 

Effect:  Pressing  ringing  key  whileplugging  cord  into  any  statioo  jack, 
all  extension  bells  will  ring  or  tap.    Clear  by  reversing  connectians. 

31.  Generator  feeder  open.  ^ 

32.  Buzzer  ringer  coils  open. 

33.  Buzzer  relay  contact  does  not  make. 

Effect:  Central  cannot  ring  P.B.X.  operator  on  any  drop.    Tetth 
followiag  out  circuit  with  test  receiver. 

34.  Battery  feed  open. 

Effect:  Buzzer  relay  vibrates  while  plxigging  trunk  jack  until  Efkejs 
thrown.    Te9t  by  following  up  battery  with  test  receiver. 

35.  Short  circuited  or  grounded  ring  of  battery  feed. 

Effect:  Battery  of  insufficient  strcaigth  to  talk  and  extensions  canoot  ^. 
switch  board.  Teet  by  first  removing  wires  from  binding  posts  at  ens 
connecting  box  and  tapping  with  test  receiver  or  24  volt  lamp  strappei 
across  wires  of  incoming  fe^.  If  lamp  light  bright  or  receiver  click  kc: 
battery  is  coming  in  O.  K.  "Reconnect  the  tip  side  of  feed,  coimectdc 
dde  of  a  test  receiver  to  ring  binding  post  and  tap  the  other  side  sevoi 
times  on  end  of  loose  wire.  If  receiver  elide,  trouble  must  be  toian 
switch  board .  Then  at  back  of  switch  board  open  ring  side  of  battery  and  ta: 
as  before  at  cable  end  of  wires.  If  click  be  heard,  trouble  is  in  switch boen 
cable;  if  no  click  be  heard,  trouble  is  in  switch  board. 

36.  Short  circuited  cord  plug. 

Effect:  Cord  plu^  are  hot  or  plugs  emit  smoke  when  dampness  has  oe:^ 
in  bushings  separating  the  three  parts  of  plug.  Test  by  throwing  n?  ^ 
listening  keys  and  placing  operator's  receiver  to  the  ear,  start  tmi'^ 
and  depress  each  ringing  key  separately.  Clicking  noise  in  receiver  bi- 
cates  short  circuit.  Turn  down  each  cord  where  clicking  noise  is  heard i^ 
disconnect  each  cord  so  turned  down  at  cord  lug  connections. 

37.  Cord  circuit  at  relay  contacts  short  circuited. 

38.  Cord  circuit  shortened  by  touching  of  keyboard  wires. 

39.  Ringing  key  contacts  crossed. 

Effect:  Clicking  still  heard  in  operator's  receiver  when  turned  dowicons 
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are  disconnected  and  ringing  keys  are  again  depressed.  If  ringin|;  key  con- 
tacts be  thought  to  short  circuit  because  the  inner  contact  spring  makes 
contact  with  the  outer  before  breaking  from  the  inner,  the  G,  key  can  be 
thrown,  which  will  temporarily  clear  the  trouble.  Then  the  contacts  must 
be  adjusted. 

40.  Positive  supervision  relay  sticks. 

41.  Bull's  eye  cord  signal  sticks. 

Effect  (of  41):  Operator  cannot  tell  when  parties  have  finished  talking. 
Test  by  jarring  relay  and  dear  by  making  good  adjustment. 

42.  Open  trunk  jack  springs. 

43.  Open  trunk  line  condenser.   44.  Open  trunk  drop  winding. 
Effect:  Central  cannot  ring  local  P.B.X.  trunk  drop. 

45.  Buzzer  relay  open.  46.  Buzzer  contact  spring  does  not 
ake. 

47.  500  ohm  resistance  coil  open. 

48.  Ring  or  ground  side  of  battery  open. 

49.  Ground  wire  open  where  springs  make  contact  in  falling. 

Effect  (of  49):  Drop  shutters  fall  when  central  rings  but  buzzer  does  not 
ring  or  buzz. 

50.  Broken  wire  at  trunk  jack  common  to  all  jacks. 

51.  Open  100  ohm  resistance  coil. 

Effect:  Banging  noise  is  heard  when  local  operator  plugs  into  central  jack. 

52.  Cut  out  hand  receiver  cord.  53.  Cut  out  head  receiver 
)rd. 

54.  Cut  out  transmitter  cord. 

Effect  (of  54):  Breaking  of  circuit  is  noticeable  by  occasional  breaks  in 
the  conversation.  The  conversation  may  be  carried  on  O.K.  if  all  cords 
be  kept  perfectly  motionless,  but  as  soon  as  moved  or  shaken  there  are 
noticeable  cut  outs  in  the  conversation. 

Test:  Throw  any  listening  key  and  place  tip  of  either  plug  of  that  pair 
of  cord  on  first  one  binding  post  and  then  on  another  of  the  receivers,  at 
the  same  time  shaking  the  cords.  The  trouble  is  generally  located  at  the 
cord  tips  or  connections. 

55.  Transmitter  open. 

66.  Primary  coil  of  operator's  set  open. 
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57.  Transmitter  cord  open.    58.  Listening  key  contacts  open. 

Effect  {of  58):  Central  cannot  hear  local  operator  on  any  cords,  nor  can 
P.B.X.  operator  hear  central. 

59.  Receiver  open.    60.  Secondary  coil  open. 

61.  Receiver  cord  open. 

Effect:  P.B.X.  operator  cannot  hear  central  operator  but  central  cam, 
hear  P.B.X. 

62.  Short  circiiited  trunk  line  condenser.     63.  Short  circuited 
jack  springs.     64.  Drop  winding  crossed  with  frame. 

Effect  (of  €4):  Central  gets  steady  light  from  P.B.X. 

65.  Open  station  signal.    66.  Open  station  jack  contacts. 

67.  Open  wire  between  jack  and  signal. 

Effect:  One  extension  station  cannot  get  local  operator. 

68.  Open  common  wire  to  jacks. 

69.  Open  conmion  wire  to  signals. 

Effect:  All  extension  stations  fail  to  get  local  operator. 

70.  Open  plug  or  cord.    71.  Open  contact  at  ringing  key. 

72.  Open  positive  supervision  relay.   Open  cord  relay  contacts. 

Effect:  Cord  in  question  cannot  be  used. 

73.  Open  condenser  at  operator's  set. 

Effect:  Operator  cannot  hear  but  can  be  heard  O.K. 

74.  Open  between  battery  feed  and  listening  key.  76.  Open 
between  listening  key  and  E,  key.  76.  Open  between  battery 
feed  and  E,  key.    77.  Short  circuited  induction  coil. 

Effect  (of  71):  Throwing  of  listening  keys  does  not  give  usual  side  tone 
(live  sound  heard  by  tapping  on  transmitter)  until  £,  key  is  thrown. 

78.  open  holding  coil.     79.  Open  N,  key  contacts. 
80.  Open  upper  relay  contact. 

Effect:  When  an  extension  station  is  connected  through  to  central  and 
receiver  is  hung  up  (such  as  a  night  connection)  the  central  disconnecting 
signal  shows.  The  holding  coil  should  prevent  ttas  with  its  high  resistance 
shxinted  across  the  line  when  N ,  key  is  thrown. 
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Figs.  8.405  to   8.418.— itopalrln^ 
W€tt9mSUttrie  Steel  ConU.   A. 

remove  the  plug  from  the  cord  and 

cutoff  ' 

about 


Plan  Troubles 

81.  Hand  generator  turns  hard. 

82.  On  plan  3  or  5,  listening  key 
contacts  are  crossed. 

Effect:  System  is  short  circuited. 

83.  Plan  3   or  plan   5   generator 
handle  sticks. 

84.  Short  circuited  condenser. 

85.  Wet  desk  stand  cord. 

86.  Ringing  key  contacts  on  plan  5 
are  crossed  because  plunger  sticks. 

Effect:  Both  extension  station  bells  will 
ring  when  one  listening  key  is  thrown. 

87.  Desk  stand  cord  short  circuited 

on  plan  3  or  5  extension. 

Effect:  That  extension  bell  will  ring  or 
tingle  at  same  time  that  main  bell  rings. 

88.  Desk    stand    cord    coxmected 

wrong  on  either  extension. 

Effect:  Plan  will  become  confused  and 
appear  to  be  wired  wrong,  according  to 
how  the  cord  is  wired. 

89.  Open  strap  wire  at  plan  3  or  5 

listening  key. 

Effect:  In  any  case  the  main  instrument 
would  be  cut  off  by  an  open  line  and  not  hv 
a  short  circuit  for  which  the  strap  is  used. 

90.  Listening  key  contacts  open  on 
plan  8  key. 

Effect:  Main  station  can  ring  extension 
but  cannot  talk.     If  key  be  not  down 
■  normal  for  ringing  and  thrown  for  talking 
main,  cannot  get  extension  station. 


ijierti  ... 

W.B.  three  ply  gilliiig  thread;  ,1,  cut  back 

pull  out  tip  conductor  and  trim  inner  core    .    ._^ 

thread  about  Vi«'  back  from  end.  the  operation  m  accomplishing  this  betn^  •.*»  ...«.«  ... 

outlined  under  D.E.P.G.andH;  ht  screw  into  plug}  Mi  fasten  sleeve  and  up  conductors 

under  screws  and  replace  shell. 
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CHAPTER  138 


The 
Automatic  Telephone 


The  term  automatic  telephone  means  a  telephone  system  fitted 
with  automatic  electric  devices  such  that  the  user,  by  means  of  a 
numerical  dial  attached  to  the  instrument  can:  1,  establish  a 
<:onnection  in  a  large  public  exchange^  in  from  three  to  five  seconds ; 

« 

2^  be  sure  that  he  gets  the  number  he  dialed;  3,  receive  a  positive 
signal,  if  the  line  be  busy,  aod  4,  break  the  connection  when  he 
desires — ^all  without  the  aid  of  an  operator  in  the  central  station. 

Clearly  then  the  automatic  telephone  does  away  with  the  large  force  of 
central  station  operators,  and  as  the  connection  is  made  electricaUy ,  instead 
of  by  a  second  person,  mistakes  are  largely  avoided,  and  connections  more 
quickly  made.  Accordingly,  from  the  standpoint  of  the  user,  the  appeal 
of  the  automatic  telephone  is  due  to  its  speed,  accuracy,  directness,  im- 
personality and  secrecy. 

The  transmitter,  receiver,  ringer,  and  hook  switch  for  an 
automatic  telephone  may  be  of  any  standard  type.  The  only 
part  of  the  instrument  that  is  peculiar  to  the  automatic  system 
is  the  calling  device  or  dial.  At  the  central  office,  the  machines 
which  make  the  connections  between  subscribers*  lines  are 
•divided  into  the  following  classes:    . 

1.  Line  switches; 

2.  Selector  switches; 

3.  Connector  switches. 

According  to  the  size  of  the  installations  the  automatic  tele- 
phone system  may  be  classed  as: 
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1 .  Single  office  exchange; 

2.  Multi-ofGce  exchai^; 

3.  Private  automatic  exchange  (P.A.X.). 


.lie — A  Bd  line  privkta  autonutic  udiaiiBB  (PJLJC.)  cquiptKd  for  25  telephoDca. 
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The  seocmd  system  is  simpler  a.  collection  of  eroi^is  of  subocribos,  tm 
DToup  haviitg  its  central  Btation  and  arranged  for  mter-conunmiicatix 
Detvven  the  several  groups. 

The  private  automatic  exchai^e  (P.  A.  X.)  is  something  eatiiAjtaa. 
from  public  exchan^  operation,  being,  in  fact,  4  system  of  antranac: 
dectnc  services  designed  for  private  ownership  by  business  or  indoEtn 
inatitutions. 

1.  SINGLE  OFFICE 
EXCHANGE 

Gmeral  Worklnfl  of  the  Automatic  T^ephone.— This 

can  be  most  clearly  illustrated  by  considerii^  the  private  aui:- 


PlQ.  8.430. — AutomBtic  teleplwiis  mO  type  showing  djalby  which  the  subacribcrtutaiai 
urithCTut  the  aid  of  a  cenlnl  offi«  opentor. 

Pic,  S.121. — Automatic  telephone,  desk  type. 

matic  exchange  system.     The   exchai^e  consists  of  the  au:c- 
matic  switch  board,  current  supply,  terminals,  etc. 

The  telephone  lines  (two  wires  each)  entering  the  room ,  pass  thiwjii ' 
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main  distributing  frame  and  thence  to  line  switches.  The  line  switch  is  a 
device  for  enabling  a  large  niunber  of  telephones  to  use  a  smaller  number 
of  automatic  switdies,  based  upon  the  well-known  fact  that  only  a  small 
X)ercenta£e  of  the  telephoxfes  are  in  use  at  any  one  time.  Thus  fifty  sub* 
scribers'  Hnes  require  only  seven  switches,  because  no  more  than  seven  con* 
nections  are  needed  at  any  one  time. 

From  the  line  switches  wires  run  to  the  connector  switches,  whose  func- 
tion it  is  to  make  the  connections. 

The  current  is  supplied  to  the  automatic  switches  by  a  24-celi  lead  storage 
battery,  with  a  controlled  pressure  of  from  46  to  49  vcdts. 

When  a  user  takes  the  receiver  from  the  hook,  the  line  switch  associated 
with  his  line  extends  the  latter  to  an  idle  connector  switch  and  prevents 
anyone  else  using  the  same  switch. 

While  the  first  figure  of  the  call  number  is  being  dialed,  a  magnet  in  the 
connector  lifts  the  shaft  and  wiper  springs  with  a  step  by  step'  ratdiet 
action  to  a  certain  row  of  contacts. 

When  the  second  digit  is  dialed,  another  magnet  rotates  the  shaft  and 
wiper  springs  until  the  latter  rest  on  the  pair  of  contacts  to  which  the 
desired  line  is  attached.  The  connector  switch  then  tests  the  line  to  see  if 
it  be  busy.  If  the  line  be  busy,  the  connector  prevents  the  completion  of 
the  connection  and  sends  a  distinctive  tone  to  the  calling  station,  so  that 
the  calling  person  knows  the  conditions. 

The  busy  tone  is  created  by  the  rapid  interruption  of  direct  current 
through  the  primary  of  an  induction  coil.  Mounted  on  the  converter  shaft 
is  a  commutator  with  many  segments.  The  48-volt  battery  current  is  led 
through  tiiis  in  series  with  the  primary  of  the  induction  coil  and  a  pair  of 
interrupter  springs.  The  latter  makes  the  tone  come  and  go  periodicallv, 
causing  it  to  be  recognized  clearly  as  a  "busy  tone."  The  secondary  of  the 
induction  coil  is  led  to  the  connector  switches. 

If  the  line  be  not  busy,  the  connector  switch  protects  the  called  line 
from  being  seized  by  anyone  else,  clears  it  of  attachments  and  ling^  the 
bell  of  the  desired  station.  The  calling  person  can  hear  that  the  ringing  is 
actually  taking  place.  When  the  desired  station  answers,  the  ringing  is 
stopped,  and  conversation  proceeds  as  in  any  common  battery  system. 

When  the  conversation  is  completed  and  the  receivers  are  hung  on  their 
hooks,  the  connector  switch  and  the  line  switch  both  restore  to  normal,  and 
are  at  once  rrady  for  another  call. 


Essential  Elements  of  the  Automatic  Telephone. — The 

rarious  devices  comprising  the  automatic  system  by  which 
elephone  comiections  are  made  without  the  aid  of  an  operator 
Lt  central  office  are: 
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1.  Subscriber's  dial; 

2.  Line  switch; 

3.  Connector  switch. 

The  relay  group  is  considered  a  part  of  the  connector. 

Subscriber's  Dial. — ^The  function  of  this  device  is  to  alter 
the  electrical  condition  of  the  line  in  such  a  way  as  to  cause  the 

apparatus  at  the  central  office  to  complete  the  desired  connection. 


Fig.  8.422. — Subscribei'a  dial,  fnint  view  ahowina  hols  in 
Pic.  S,423.— SubKiiber'i  dial,  nar  view  ihowing  nuchui 
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finger  Gtrikea  the  stop;  he  then  removes  his  finger  whereupon  a  spring  causea 
the  dial  to  return  to  its  normal  position.  Similarly  the  second  number,  3, 
is  "dialed,"  thus  completing  the  t^thi^I  operations  of  calling  the  number 


The  mechanism  of  the  dial  is  such  that  each  time  the  dial  is  moved,  as 
just  described,  an  electric  circuit  is  opened  a  number  of  times  corresponding 
to  the  number  dialed.  Thus  when  the  number  5  is  dialed  the  circuit  is 
opened  5  times.  This  mechanism  is  shown  in  figs.  8,424  and  8,425,  and 
in  diagram  in  fig.  8,426. 


SubBcrib^'s  Circuit. — Included  in  this  is  the  receiver, 
transmitter,  shunt  and  impulse  sprii^s  of  the  dial  mechanism, 
line  and  release  relays,  as  shown  in  fig.  8,426. 


ss.  8,*M  »od  8.*M. — Front  indwetiooilddE  view  of  Bubsqribei'sdiU.ihowinginechaiiismiuid 
end  view  of  CUD.  Jn«v«raJfa>fi,»fl  tb«  dial  is  rotated  by  the  fioaerclDclcwise.acoiledsprias 

jiitiiil  paeituin.  Thk  u  a  ratchet  which  transmits  the  return  movement  to  ^ean  and  n 
lovenvtf.  Th«  gean  aie  in  meah  with  a  pinioii  on  wliich  is  »  raja  which  u  so  eeared  that 
irben  *«y  No.  1  ia  "dialed."  the  cua  win  malce  one  haU  revolution,  opening  the  impnlae 
ipring  once.    Bimilariy  the  jo^nibe  vring  win  be  opened  ■  immbeT  of  t 

to  the  number  dialed. 
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When  the  subscriber  dials  a  number,  the  circuit  will  he  opened  a  number 
of  Hmes  corresponding  to  the  number  called  and  this  is  the  principle  upon  which 
tiie  apparatus  at  the  central  station  depends  to  make  the  connection. 

When  the  dial  is  moved  from  the  initial  position,  the  shunt  springs  dose 
contact,  maintaining  a  shunt  around  the  transmitter  and  receiver  until 
sudi  time  as  the  dial  returns  to  its  initial  jposition.  This  prevents  variation 
of  resistace  in  the  subscriber's  loop  and  irregular  operation  of  the  central 
office  medumism. 

Connector  Switch. — ^At  the  central  station  the  impulses  sent 
from  the  subscriber's  station  by  the  dial  mechanism  act  upon  a 
connector  switch  which  makes  the  connection 
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FtG.  8,428. — Subscriber's  dicuit.  in  operation,  when  the  receiyer  is  lifted  from  the  hook, 
the  circtiit  ia  through  the  upper  winding  of  line  relay  L,  transmitter,  receiver,  imimlse  wpmg, 
upx>er  contact  of  switch  hook,  lower  winding  of  L,  to  groxmd.  When  thus,  line  relay  become! 
energised  and  closes  the  release  line  relay,  whose  drcuit  is  from  battery  through  release  relay, 
contact  maker  F.  to  ground..  When  a  number,  sa^r  1«  is  dialed,  and  the  dial  released,  the 
cam  is  given  one  naif  turn  as  it  returns  to  initial  position,  and  one  of  the  cam  wings  momen- 
tarily oi>ens  the  imptdse  spring  as  it  passes  between  them. ,  This  momentarily  oi>ens  the 
circuit  of  line  relay  L.  which  causes  L,  to  disenergize  for  an  instant,  and  in  turn  opens  the 
circuit  of  relay  R.  The  latter  being  slow  acting  remains  closed  even  though  its  circuit  was 
momentarily  opened. 

There  are  two  principal  differences  between  the  work  of  an  merator  on  a 
multiple  switchboard  and  that  of  an  automatic  connector.  The  first  lies 
in  the  difference  in  the  number  of  lines  to  which  they  have  access.  The 
operator  has  within  her  reach  a  multiple  jack  for  every  line  in  the  switdi- 
board,  be  the  number  of  lines  1 ,000  or  10,000.  She  may  therefore  make  a 
connection  to  any  line  entering  the  office,  but  a  connector  switch  has  access 
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to  but  100  lines.  Secondly,  a.  sub- 
scriber's operator  t^es  the  orders  (tf 
and  makes  the  connections  for  cer- 
tain predetermined  subscribers  only. 
The  number  she  Eerves  sddom  ex- 
ceeds 200  and  is  often  less  than  100, 
but  a  connector  Bwitch  is,  trtiea 
idle,  ready  to  handle  tha  OTder  oi 
any  subsoiber  who  may  vrish  to 
connect  to  any  one  of  the  100  lines 
to  which  it  has  access. 


I  with  cover  removed.  Tba 
lower  part  of  the  machine  supports 
two  curved  banks  of  contactiSatflB 
orstrips.  The  under  bank,  called  the 
line  bank,  contains  100  purs  of  then 
contact  plates  arranEed  in  10  hcoi- 
zontal  rows,  10  pairs  to  the  row. 
Tliese  pairs  of  b^ik  contacts  cor- 
renxHid  to  the  line  firings  in  the 
multiple  jacks  of  a  manual  board, 
and  may  oe  multipled  before  any  de- 
sired number  of  connector  switches, 

rAcM/^boni  contains  lOOdngle 
contacts  whidi  correspond  to  the 
sleeves  of  muhinle  jades.  This  is 
thebus^  test  bank,  ccoumonly  called 
the  "private"  bank.  The  cord  and 
plug  of  the  manual  board  are  rep- 


Pic.  8,42T.— Stmnj 


Upper  or  private  wiper  is  a  pair  of  springs  connected  together  to  a  third  cord , 


J 
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Pn.  8,128. — Ksgnun  ct  line  tjank  contacti,  lusocutad  with  «»ch  n.. 
lyilAti  <rf  the  te^hoDB  lina  ol  which  they  are  the  tenninoli.    ^h< 

teminile  csn  bedetermiaed  by  Doting  ths  numbeiof  verticul  ukd  sii— . 

mnM  be  given  to  Teach  that  wt,  Rmembering  that  ten  etepa  ia  alwaya  npieaeated  tr 
Tlmi ail  veiticalitwe and  ten rotaiyttep*  would e«u«e  the— —  '"  — ■- '  ' 
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FlQ.  8.139- — Diagram  of  a  200  line  office  in  ite  dmpleet  fonK.  Lifting 
the  Tozivei  ot  the  tclenhcme  connect!  the  calling  Bubecriber  witti  ar 


_    imbenng  at  the  tele^onea 

in  thi»  crfHce  ■>  Itom  200  to  300  inclusivt.  since  the  lecond  and  tbird  leveli  of  the  aStaoi 

.-»  »»j      Dialing  the  first  figure  (a  2  or  a  3)  stn^s  the  ael«:cor  up  to  the  aecond  or  third 

the  £00  cr  300  BTmip  of  lines.   Immediately  the  verticaJ  mobion 

rnifjcte,  the  ihait  and  wipcn  eutDmatie^y  rotate  U 


level  and  thereby  r 

idle  connector  Bcrving  that  1 
The  last  two  figure!  dialed  I 


pidc  out  tbi  dob^d  1^ 
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by  the  shaft  which  has  a  step-by-step  vertical  movement  and  a  stc^by- 

Gtep  rotary  moyenteitt.     These  movements  are  actuated  by  pan4s  and 

ratchets  operated  by  electromagnets  controlled  by  the  subscriber  from  the 

calling  device  on  his  telephone, 

and  are  always  in  accordance  with 
the  last  two  digits  of  the  number 
he  calls. 

For  example,  if  he  call  a  num- 
ber ending  in  43,  the  shaft  is 
raised  four  steps  and  then  rotated 
three  steps,  thus  raising  each 
wiper  opposite  the  fourth  row  of 
contacts  from  the  bottom  of  its 
respective  bank  and  then  sliding 
it  over  to  the  third  contact  in  the 

The  machine  is  then  ready  to 
close  the  circuit  of  the  stilling 
subscriber  through  to  the  circuit 
of  the  called  party,  but  before 
dcdng  this  it  first  closes  the  pri- 
vate wiper  circuit  only  and  thus 
makes  an  automatic  busy  test. 

If  it  find  the  desired  line  busy, 
it  keeps  the  connection  open  and 
immediately  transmits  the  busy 
signal  back  to  the  calling  sub- 

If  the  desired  line  be  not  engaged , 
the  connector  snitch  immediatdy 

Ac.  8,432. — Diagmn  of  coniMdtor  iwitch,  uid  the  two  bulks  of  ixmtact.  Tha  switch  consati 
of  aihaftamncMitoiiHks  undeicontnd  of  nutgncta.  a  step  b/ n^  vnticat  movement,  uxl 
a  ttep  by  ttcp  rotary  rDovemedt-  Attached  to  the  abaft  Twar  it*  lowvr  «nd  are  two  wipen. 
the  tower  (double)  wiper  makei  contact  with  the  Una  bank,  and  tho  upper  (lio^)  wiper 
malua  contact  with  the  iH-lratt  bank.  FuTther  up  on  the  ahaft  are  vertical  teeth  by  wiuch 
the  Hhaft  ia  rused  vtep  by  itep.  and  jiut  below  which  ia  a  pinion  or  hub  of  rotary  teeth  by 
which  the  abaft  ii  rotated  eti^  by  ilep.  The  coiled  eprlng  at  the  top  of  the  ahaft  cauan 
it  to  return  to  iti  initial  poaition  wlien  released.  Gravity  is  utilized  to  lower  the  ifaaCt  to 
ita  initial  vertical  positiOD. 
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b^ins  to  ring  the  callod  party's  telephone  bell  uiUuiutioally  aitd  iottr- 
imttently.  When  he  unswera.  the  rineing  stops  and  the  two  subscriben' 
lines  are  closed  together  for  conversatu»i. 

Talking  current  is  supplied  to  the  transmitters  of  both  telephooM  from 
the  central  office  battery  through  the  rday  coils  of  this  connector  switch 
just  as  m  manual  practice  it  is  supplied  through  the  relay  coils  of  the  cord 

The  diagram  fig.  8,432  shows  clearly  the  mediaiiism  of  the 
XMinector  siritcb. 


E'M.  S,433.^-C(mn«tor  (witch  dmiit.    Wbca  tba  Mfaaciiber  mnon*  tha  ncaiver,  idus 
.  .  _  J  n    1... .  .  _  .    ..  r_   J  ■ .  =_  -  .».     ^   _  ..     j:  .  .   .       .    _ ^  Uia™>- 


£andR,>ncloMduupluiiedinfig.8,«2e.  Suppo«  thg  fim  nzunba  diiiled  by  U 
•cnber  M  4.  then  tha  dicuit  of  lelay  L,  a  maneauiily  oiiHud  4  timo;  whicb  IQ  turn  c«i> 
tima  opHU  ths  circuit  c^  id*y  R.  SiocaR.it  tlow  utins  it  doc«natopcD.  Thefinttims 
rdKy  L,  *jiiiatiirB  opsii  a  circmt  jomj  ba  X^tctAirom  rrtmnd,  brdck  spriugi  r^y  L,  ttwkt 
fprmfi  Ttlay  R.  brtak  iimlatt  "nf  wirmal  tfirini'^reiay  S,  Unmih  ttniaU  iiMfad  (o  bsUtry. 
Tba  cumat,m  tha  drcuit  cauaei  nliy  S,  and  thi  vertical  mMaat  to  Dpentc.  S,  being  mw 
*ctiiv  reiiuini  in  poBtacm  tor  fraction  a  a  aacQiMl.  Vhea  relay  and  annatura  asain  opedc 
tha  aame  circuit  ia  cloaed,  except  that  *inc*  tha  abaft  haa  alnady  bsen  ruied  ona  Hep.  the 
drcuit  win  paaa  tbnjughtha  ntalu  amloOi  of  Ikt  "of  normal  ipTint"and  tit  malu  amiacu 
cfrdayS,  _  Shortly  after  the  Uat  imtnilBauf  currcrit  riaa  pa^ea  throuflh  S.  it  will  open  and 
cannot  a^in  doaa  becauae  of  tb«  open  circuit  at  tha  oQ  normal  aprinn:  When  tb«  aubaoiber 
■liala  the  aecond  nmnber.  each  timB  nlay  L.  openi,  ■  circuit  may  be  brmctd  from  Koad 
brtak  stri*tsT^yL,  nuJw  i#rfiiti  relay  R.makt  of  normal  i^iifi.  brtak  tpriitt'  Toay  S, 
tkrouth  rotary  maptel  to  baOtfy.  Tlia  cuirent  in  thia  circuit  ^uaca  th«  rotary  ma|^aet  ti> 
cloaa  a  number  of  time*  comapODdiiic  to  the  Dumber  dialed,  thui  lotatiiis  tbo  nntch  to 
the  proper  contact. 

Connector  Switch  Circuit. — This  circuit  includes  the  vertical 
and  rotary  magnets,  which  operate  ike  switch. 

Fig.  8,433  shows  the  circuit ,  which  it  should  be  noted,  is  a  continuatioQ  of 
the  Eubscriber'a  drcuit  shown  in  fig.  8,426,  the  two  relays  L  and  R,  of  fig. 
8,433  being  the  same  relays  at  L  and  R,  of  fig.  8,426. 
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Private  and  Line  Banks. — ^As  shown  in  fig.  8,432  these  fonn 
a  part  of  the  connector  switch.  The  diagram  fig.  8,434  shows 
100  single  contacts  in  the  private  banlc  and  100  double  contacts 
in  the  line  bank. 

Each  telephone  is  connected  to  a  certain  pair  of  contacts  in  the  line  bank. 
For  each  pairof  contacts  in  the  line.bank,  there  is  a  cmresponding  o — * — '' 
in.  the  private  bank  associated  with  it. 


Pig.  S,434. — Dugmn  ihowing  conCocCs  of  line  and  private  baola  of  a  100  tiiu  antsn.  Thoe 
banks  foim  a  part  of  tho  cQmiector  iwitcb. 

The  object  of  the  private  bank  is  to  protect  a  line  against  inlrusioti  when 
that  line  is  in  use;  it  is  in  other  words,  a  busy  test  bank  and  in  operation, 
whenever  a  telephone  is  in  use  the  corresponding  private  bank  is  grounded . 

Private  Bank  or  Bu^  Test  Circuit. — This  is  shown  in 
fig.  8,435.  The  spring  assembly  on  relays  A,  and  W,  are  what 
are  called  make  before  break  springs. 
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When  cuircnt  flom  through  therelay ,  the  make  sjjring  strikes  the  movable 
spring  and  causes  it  to  break  contact  witk  the  stationaiy  Gpring. 

When  relay  fi,  is  ooce  energised  it  is  indq>endetit  of  the  private  bank 
contact  ground,  hence  the  busy  tone  is  continued  even  thou^  tbe  called 
line  becomes  idle. 

When  a  busy  line  fa  called,  the  wiper  cut  off  relay  W,  does  not  cut  the 
connection  through  the  wipers,  hence  there  will  be  no  interference  mth 
those  already  usii^  the  line. 

The  circuit  of  the  rotary  magnet  is  taken  through  a  pair  of  break  spring 
on  relay  B,  so  that  a  subscriber,  while  receiving  the  busy  tone  cannot  again 
operate  the  rotary  magnet  by  interfering  with  the  dial. 

Tbe  make  springs  on  relay  A,  prevent  opening  of  the  rotary  magnets,  due 


FK).  S,435.— Pih>to1i«iikcrtia(Ttc«t  dicait.  Avonln;  s  telephniw  in  me  and  ila  prirsta 
bfttilc  STouodedt  nlay  A,  beinff  mlow  actrng,  wiU  reawm  eitciGisFd  mankentanlT  after  th* 
complclion  of  the  loury  aiovement.  Now  a  ciicuit  mavba  traced  frotii  grotnti  at  (riratt 
bmM  lOHlait,  Ihrimgk  primti  viper,  brtik  tprina  tdat  W,  makt  i^KfS  rdty  A,  ArmcJk 
fruyrebtyS,  la  wisllHbaUerv.  TbicurrcotinUuiemniit  wiUcsoaenlar  B.todoBeforat- 


ibtyS,  la  wisllHbatterv.   '- 

loclrina  dreuit  for  it»etf  mdepeodrnt  o(  the  ground  froi 

"  -nay  be  traced  from  "og-%ormiil  jf- ■"  " 

4  iwbic'   '  — 


sprinti  rOay  A  jwbich  brthiitiiH  haat>peiKd)'Ur«itihrclarB,  ti^AI'y-' Further  reU/ E 
doee*  a  pas  of  contact  which  pkc«  the  buty  time  on  the  line  mdicating  to  camna  •utacnbei 


that  the  lii 

to  the  tendency  of  relay  B,  to  operate  should  the  private  wiper  pass  over  one 
or  more  busy  contacts. 

If  the  called  line  be  idle,  there  will  be  no  guarding  ground  on  the  associ- 
ated private  bank  contact.  After  relavA,  o()ens  a  circuit  is  closed  throu^ 
the  wiper  cut  off  (or  ringing)  relay  W,  which  grottnds  the  private  bank 
contact,  EO  that  any  one  ci^ng  this  number  will  receive  the  busy  tone, 
thus  protecting  the  cmsy  line  a,——-*  "• — ='- 
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Disconnection  of  Connector  Switch. — ^Af  ter  the  completion 
of  a  telephone  conversation  means  must  be  provided/(jr  returning 


Fic.  6,439.— Belesse  dnniit  by  yUkh  tl 

connector  flwitch  to  DOfTPftl'     Knee  d ..      . _. 

the  connector  ewitch  releue  circuit  nuiAini  open.     Now  when  the    i 

th«  hook  (at  the  calling  lUtkHi)  the  line  lekropeMu-' '  -*■ 

openi.    This  completes  k  circiiit  }>a«  fr«iH(,  hrtak  ;,,.  ...j^  „ 

rdiaat  rttay,  off  narmol  iprin^.llmmth  rtUase  wtapul  Y,  lo  haUtry  _   _ 

•"•rsiTesthe  meue  nugnet  which  nmores  the  dooblii  dog  klloinnscoiuuctor  aloft  to  n 

normsl  pnitkrn,  the  releaia  circuit  being  opened  st  the  oS  nomut  vpriiM  irt^a 

le  normal  position.    On  the  reUu*  relay  ii  a  pair  of  mate  ^pri^i.  br 


iCthen 

Ime  and  private  wipers  —  .^- .,  ,, — ,  , „ 

number  8S.  When  relay  A,  de^nergiies,  followina  the  but  totarr  Impulta,  a  d 

"be  tTvtcvd  from  "off  normal  apring  gfound,"  low  winding  relay  w,  break  sprioAs  relay  At 
Ineak  spring!  relay  W,  private  wiper,  private  bank  contact,  through  tba  B.C.O.  to  nega- 
tive battery.  The  lower  winding  of  relay  W,  will  energiie  luffidentty  to  close  tha  spiiafls 
X,  thus  forming  a  locldng  circuit  which  may  be  traced  from  "of  mirauil  iprrni  tromnl~ 
itrfts  X,  llirciiifft  Iht  hiii  viitdmt  oj  rOay  W,  la  batliry.    The  current  is  the  ca  ~ 

cauM  relay  w,  ta  fully  operate  so  that  the  fioo  wipers  are  cut  through  to  the  " 
Stound  IS  placed  on  the  private  wiper.  ^^ 
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6  <*!  i 

^  ill 

5  11  .a 
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J.s  •s-a  s 


h   ^1 
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Included  in  the  diagram  are  the  familiar  line  and  release  relays, 
also,  series  relay,  instantaneous  ring  cut  off  relay,  busy  relay, 
back  bridge  relay,  wiper  cut  off  relay,  release  magnet,  vertical 
magnets,  rotary  magnets,  and  slow  acting  rotary  control  relay. 
The  duties  of  these  various  relays  are  here  briefly  given. 

Line  Relau — ^Receives  the  dial  impulses  and  repeats  the  same  to  the 
vertical  and  rotary  magnets;  also  feeds  talking  battery  to  calling  subscriber. 

Slow-Acting  Release  Relay— ^Prepares  circuit  of  the  vertical  and  rotary 
magnet,  and  maintains  the  release  magnet  circuit  open  until  such  time  as 
the  conversation  is  completed. 

Slow  Acting  Series  Relay— Used  to  operate  the  vertical  magnets. 

Busy  Relay — Used  to  give  a  calling  subscriber  a  busy  tone  in  case  the 
line  called  be  busy.  It  also  prevMits  undue  rotation  of  the  shaft  by  the 
rotary  magnets. 

Ring  Cut  Off  Relay — ^Feeds  ringing  circuit  to  the  called  line  and  releases 

ringing  circuit  when  the  subscriber  answers. 

Back  Bridge  Relay — ^Peeds  talking  battery  to  the  called  subscriber,  and 
reverses  polarity  of  the  calling  line. 

Wiper  Cut  Off  Relay~r-CM\s  connector  through  to  the  wipers  when  an 
idle  line  is  reached. 

Vertical  Magnets — Gives  vertical  movement  to  connector  shaft  when 
first  ntunber  is  dialed. 

Rotary  Magnets — Gives  rotary  movement  to  connector  shaft  when 
second  number  is  dialed. 

Release  Magnet — ^Removes  double  dog  to  restore  connector  shaft  to 
normal  position  when  receiver  is  htmg  on  hook  at  completion  of  conversa- 
tion. 

Rotary  Control  Relay — Operates  in  parallel  with  the  rotary  magnets » 
and  closes  the  circuit  through  to  the  busy  relay. 


Line  Switch.— As  must  be  evident  the  complicated  connector 
switch  is  a  very  costly  part  of  the  apparatus,  and  if,  as  has  been 
assumed  in  the  previous  explanation  that  each  line  is  provided 
with  one  of  these  connectors,  the  cost  of  the  installation  would 
be  prohibitive.  Now  since  only  a  small  number  of  lines  are  in  use 
at  one  time,  it  will  suffice  to  employ  only  a  few  connectors  in 
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proporUoH  to  tke  number  of  lines,  if  there  be  provided  means  by 
which  when  a  subscriber  removes  his  receiver  from  the  kook,  his 
line  will  he  connected  to  an  idle  connector  switck.  This  is  accom- 
plished by  what  is  called  the  line  switck. 


Fio.  8,439.— Lina  : 

to.  "Lino". 

iber  of  Bfoup! 


ontacts.    The  bank  « 


m  hiatelephpnaawiuh  hook  prgparatorytq  mil  Icing 


down,  carrying  its  plunge 
o  the  bank.     ITie  tffrct  of 


leading  to  an  idle  first  selector  switch,  as  shown  diagrammatically  in  theri^t  handportii 
of  the  fieure.    The  instant  that  one  line  Bwitch  thrusts  its  plunger  into  the  balk,  th 
occupying  the  trunk  over  whose  multiple  all  idle  plungers  have  been  poised,  the  roaBtcr 
switch  operates  and  ewings  the  temaimng  idle  plungers  forward  over  the  nest  multiple  of 
bank  contacts.     If  this  trunk  should  be  busy,  the  movement  profxedj  until  an  idle  trunk 

ts  to'Sff  "' 
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Tta.  S,430. — Discnin  oE  lins  twitch  u 
and  pli^AET  P,  whoA«  head  or  -^ —  ^ 
■baft.    Tbb  shift  is  pivoted  at ^^ — , -^ 

under  control  of  a  Tnaattf  awitch  MS.  The  Totaiy  mo^n  caufiea  the  plungen  of  thA  vari 
tfaw  nritcbei  to  cadllate  in  front  o£  the  terminal  of  ths  trunk*  to  thE  <xinncctoi'  iwitche 
Under  control  oE  the  maatcr  awitch  the  ihaft  comee  to  rest  only  opp«ite  an  idle  trunk. 


the  ahaft  be  boUinc  all  the  phmaen  oppotita,  aay  the  aecond  trunk,  and  a  tubt 
movB  bit  lecdver.  uu  cortaqioocung  plunger  will  £'■"■<(  >*  ini  extend  the  com 
the  connector  aaaociated  wiUi  trunk  number  two.  The  pluiURir  when  pbamd  in  li 
■ -     ~  leans  iTthe  l^-'' 


tubaciibei  re- 


ef the  (baft  M  a): 

iCfitier  who  pliuiced  in  on  trmATrJoT^.  haiigi  up  his  receiver,  ida^uojei 

the  bonk  but  the  (lot  in  the  wing  of  the  plunger  will  ncCengiuetbesLattat  . . 

thiaplunnr  willreoiamoppoaite  trunk  No.  2,  until  the  al^ft  agaia  t«tngi  infrnit  vt  thia 
tmnkand  ;riekiittip.    To  prevent  a  tal' '' ' — ' " 

li*  balUry  fud 
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In  maldng  a  connecticm,  after  the  line  svritch  (also  called  the  mmi-m«- 
meriaU  switch)  connects  the  line  with  an  idle  connector,  the  connectioD  ia 
completed  hy  the  connector  smtch  as  already  described. 
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Pig.  8,439,  shows  the  working  of  the  line  switch,  and  fig.  8,440,  its  general 
appearance. 

An  important  part  of  the  line  switch  is  the  solenoid,  which  operates  the 
shaft  of  the  line  switch  in  seeking  trunks  and  the  locking  mechanism.  This 
part  of  the  mechanism  with  its  circuit  is  shown  in  fig.  8,442. 

The  shaft  of  the  line  switch  is  moved  counter  clockwise  by  a  spring,  and 
clockwise  by  the  solenoid.  One  arm  of  the  locking  segment  L,  is  arranged  to 
face  springs  Y,  into  contact  when  the  switch  is  standing  opposite  the  first 
trunk. 


SOUNOIP 

A 


TRUNK  ID 
FIRST  SELEaOR 


•#••••    •••#.♦    ••...     •  •*    •• 


FIRST  SCLCCTOM 

Fiq.  8,441.— -Master  switch  mechanism  of  line  switch  and  diagram  of  tnmks  to  first  sdbctois. 
In  the  line  switch,  the  notch  in  the  head  of  each  plunger  meshes  with  a  roddng  bar  or  "matter 
shaft"  as  it  is  called.  A  step  by  step  device  called  a  master  switch  (seen  in  the  upper  pert 
of  the  figure)  is  connected  to  eaich  pair  or  to  each  four  master  shafts  and  by  means  of  xbeoL 
can  swing  the  plungers  back  and  forth,  step  by  step  over  the  banks  of  contact  springs.  The 
phingers  are  normally  held  in  position  by  the  master  bar,  which  carries  a  feather  fitted  into 
the  w)ts  at  the  rear  oftbe  plunger.  When  the  line  switch  operates .  the  plunger  point  is  thmst 
into  the  baiik,  connecting  the  line  to  the  connector  or  selector  trunk,  and  at  the  same  time 
disengaging  itsdf  from  the  master  bar .  The  master  switch  is  now  automatically  unlockBd  and 
begins  to  move  under  the  action  of  the  curved  spring  until  an  idle  trunk  is  reached.  When 
the  master  switch  reaches  the  end  of  its  stroke,  the  solenoid  is  energized  and  this  pulls  the 
shaft  back  in  the  opposite  direction  against  the  action  of  the  spring. 


The  trip  relav  T,  has  a  mechanical  locking  feature^  which  after  it  is  once 
energized,  will  hold  the  springs  in  an  operated  position  tmtil  mechanically 
released. 

A  section  of  L,  is  so  formed  as  to  release  the  springs  of  the  trip  relay  T, 
when  the  master  switch  comes  opposite  ihe  tenth  trunk. 
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1.  S,H2. — Soltnoid  control  of  Ima  onlch  iluit,  loddng  nuchuum  and  ciicuit.  B  th«  Una 
nritch  be  ■tmiding  oppositBt  ■>?  trunk  No.  8,  uid  a  phmffer  pluneei  in  on  the  trunkf  a 
ircuit  can  be  tncM  irDm  rdtou  Imiik  pwni,  amHtk  wictut  TmOtk  tnPtr  imi  Oarumf 
day  SR.tobtUm  ami  tmaU.  SR, irill eneigiie  uid  doi*  %  ciicuit >!>«•  rv«^  llmmA 
printi  of  rday  SR,  lockimt  ma/iui  UL .  b>  baOiry  oni  gnimi.  Tbs  loddns  munet  win  oiiei- 
LtB  to  remove  the  retaining  ur  from  the  locking  aegniefit,  vliich  now  being  iiee,  to  1Q0V«, 
inder  the  action  of  the  epting  will  iwing  twitch  wiper  and  plun^n  {nfroat  of  trunk  No.  T. 
f  thii  trunk  be  idle,  the  aoodated  bank  contact  will  not  be  provided  and  nlay  SR.wiU 
>Hn  and  break  tbe  locldag  manet  ciccnit  alkiwins  the  ntaioi^  arm  to  drop  into  the  aerenth 
lot  of  the  lockinc  Ksment.  TlusaRHta  the  rotation  of  tha  ne  iwitch  ihaft  and  holdi  the 
iluDSertoppouea  the eeventh trunk  until  that  trunk  In  i  iiiim  busy.  If  thii  trnnk  had  beea 
lusy  the  cmniit  of  relay  SR,  would  not  have  been  opened,  and  the  rotation  would  ham  ea»- 
-lueduntilanldletnuikwaiieached.   A  (iluiiger  cannot  plunae  in  while  the  aunter  switch 


c.  8.443. — Diagram  of  portion  of  a  coiuiector  switch  dicnit  jUoMntus 
lim  of  allaclimtiU.  Suppose  a  called  line  found  to  be  idle  and  relar  w. 


Omrint  tin  caOtt 
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fio.  S,4M.— Line  iday  *h1  tnuter  swiUh  ci 
Via.  6,^a.—Tlxt  amUmud. 


L 


There  are  ten  sets 
of  double  contacts 
in  the  master  switch 
t»nk,  the  lower  coo- 
tact  being  multi- 
plied together. 
Each  contact  of  the 
upper  row  is  associ- 
ated with  one  of  the 
line  switch  trunla. 

The  switch  wiper 
short  circuits  the 
upper  and  lower 
bank  contact  assod- 
sted  with  the  trunk 
tipon  which  it  ha.p- 
pensto  be  Gtandinf. 

The  locking  mag- 
net LM ,  opra^tes  to 
force  ita  springs  to- 
gether and  draw  re- 
taining arm  RA, 
from  locking  seg- 
ment L.  Again  if 
the  retaining  arm  be 
resting  against  lock- 
ing segment  L>,  but 
has  not  yet  fallen 
into  a  slot,  it  wiU 
bold  the  spnogs  of 
rday  LM,  in  con- 
tact. The  operation 
of  the  solenoid  cco- 
trol  is  enjlainedin 

St.i.ta. 


«  be  tmtxA  Itom  "off  • 
fnallaprimii  rday  W, 
td.   mB.C"  -"■-- 


.C.O.of  tbcciiM 


be  tnccd  irom  "4/'  furmdl 
',  lo  haitirf  onii  trouni.  lb 
B  now  placed  on  th«  privats 
O.  of  the  called  pli 


lied  plunitr  wfli 
thaB.C^O/nD 
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Clearing  the  Called  Line. — ^When  a  telephone  is  called  it  is 
necessary  that  the  line  be  cleared  from  battery  and  ground  feed. 
This  is  called  "clearing  the  line  of  attachments"  and  is  illustrated 
and  explained  in  fig.  8«443. 


2.  MULTI  OFFICE 
SYSTEMS 

Up  to  this  point  only  a  100 
line,  single  office  exchange 
system  with  10  connector 
switches  has  been  considered 
However,  in  practice,  a  single 
office  may  contain  any  ntmiber 
of  lines .  There  is  no  limit  either 
way.  A  recent  single  office  in- 
stallation at  Norfolk,  Va.,  of 
11,500  lines  is  at  the  present, 
the  largest  single  office  in  ex- 
istence. 

Fig.  8*445.— 'Multi-central  itatkm  dial.  On  all  100,000  line  syttems  the  numbers  axe  made 
up  ol  a  letter  and  four  figuxes  instead  of  five  fibres.  With  this  method  of  numbering  26,187 
would,  for  instance  appear  in  the  telephone  directory  as  B-2187.  When  operating  the  call* 
sng  device  many  subeoiben  will  remember  a  letter  and  four  figures  more  clearly  than  they 
^1  five  figtsres. 

The  grouping  of  lines  in  multi-office  exchange  sjrstem  is,  with 
resi)ect  to  the  exchanges  strifctly  according  to  number. 

Thus,  assuming  100  line  units,  telephones  numbered  1  to  99  are  wired 
to  exdiange  A,  those  numbered  100  to  199,  to  exchange  B,  etc.  At  each 
of  tliese  exdianges  is  a  set  of  connector  switches,  through  which  connection 
is  made  wUh  any  subscriber's  line  which  terminates  at  the  same  exchange. 

Now  if  a  subscriber  whose  line  terminates  at  exchange  A,  desire 
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to  talk  with  a  subscriber  where  line  termioals  at  exchange  B, 
he  must  first  obtain  connection  to  an  idle  connector  switch  in  exchange 
B,  and  in  order  to  do  this  a  new  piece  of  apparatus  called  a 
_  selector  gwitchisnecessary, 

as  shown  in  fig.  8,446. 

It  looks,  and  is  very  much 
lite  a  oonnector  switch;  in  fact 
thft  m^hflniTftn  and  banlcs  arc 
the  eaxoe.  Its  mechanism  gives 
the  familiar  vertical  and  rotary 
motion  to  a  shaft  and  wipers 
and  differs  from  the  selector 
switch  in  the  circuits  and  rdays 

In     any     multi-exchai^e 
system,    the    selectors    are 
divided    into    a    number    of     ' 
classes  according  to  the  size 
of  the  group  they  are  to  choose. 

For  example,  in  a  10,000  line 
system  first  selectors  would 
choose  the  1 ,000  line  group ,  and 
second  selectMV  the  100  lice 


Fig,  8,446. — Stnjncd'  type  Ktector  witli  banlEs.  II  coiuUlt  of  s  gmap  sad  trunk  chonist 
switch.'  LilCD  the  connector  it  compiisa  the  usual  shaft,  bank,  iind  wipera,  aod  a  mecbBD- 
ina  fheiEby  the  shaft  cm  b»  lifted  and  latated  step  by  ttq>.  UnlilcH  the  eonncctoi,  hov 
ever,  it  18  a  ona  digit  twit^.  The  Tertical  motion  ia  controlled  from  the  calling  dance  Bdd 
■ervee  to  pick  otit  a  certain  snmp  of  Jiiica.    The  rotary  motion  is  automatic-aiid  pii^  oat 

e  tennmals  of  trunle  lines 
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The  first  or  lower  row  of  first  selector  bank  contacts  constitutes  the 
tem^nals  for  a  ^oup  of  10  trunk  lines  leading  to  second  selector  switdies 
in  the  1,000  section  of  the  plant. 

The  second  row  represents  another  group  of  10  trunk  lines  to  second  selec> 
tors  in  the  2,000  section  of  the  plants  the  third  row  represents  a  group  of 
trunks  leading  to  second  selectors  in  the  3,000  section  of  the  plant,  etc., 
so  that  through  the  10  rows  of  bank  contacts  the  first  selector  has  access 
to  10  second  selectors  in  eadi  of  the  10  sections  of  1 ,000  lines  which  make  up 
a  10,000  Ime  office. 


The  first  selector  switch  used  by  a  calling  subscriber  is  oper- 
ated in  accordance  with  the  ^rst  digit  of  the  number  he  calls. 

Suppose,  for  example,  he  is  calling  the  number  2,543.  The  impulses 
sent  m  by  the  first  movement  of  his  calling  device  will  raise  the  shaft,  and 
accordingly  the  wipers  of  the  first  selector  switdi  two  steps,  placing  each 
wiper  opposite  the  row  of  bank  contacts  second  from  the  bottom  in  its 
respective  bank. 

Now  the  selector  switch  unlike  a  connector  switch,  does  not  wait  for  the 
subscriber  to  make  another  turn  of  his  dial  before  rotating  its  shaft,  but 
the  rotation  is  automatic  and  beyond  the  subscriber's  control. 

The  rotation  starts  the  instant  the  vertical  movement  is  completed,  and, 
in  the  particular  case  which  is  here  used  as  an  example,  sweeps  the  wipers 
step  by  step  over  the  row  of  bank  contacts  connected  to  trunks  leading  to 
the  2,000  section. 

At  each  step  of  the  rotation,  the  oank  contacts  on  which  the  wipers  then 
rest  are  given  the  busy  test,  and  as  soon  as  a  disen^ged  trunk  line  is 
found  the  rotary  movement  stops  and  the  connection  is  completed  to  an 
idle  second  selector.  This  is  all  accomplished  in  a  fraction  of  a  second,  so 
that  the  second  selector  is  operated  oy  the  subscriber's  calling  device 
impulses  corresponding  to  the  second  digit  5,  of  the  ntunber  2,543  which  he 
is  calling. 

The  wipers  of  the  Beebnd  selector  are  accordingly  raised  five  steps  and 
are  then  automatically  rotated  just  as  the  first  selector  wipers  were.  The 
bank  contacts  of  this  second  selector  are  the  terminals  of  the  tnmks  to  the 
10  sets  of  connectors  which  complete  the  connections  to  the  line  groups 
making  up  the  2,000  section  of  the  plant.  Consequentlv  when  the  second 
selector  wipers  stop  on  an  idle  trunk  in  the  fifth  multiple,  the  calling  sub- 
scriber is  placed  in  connection  with  an  idle  connector  m  the  2,500  group; 
that  is,  a  connector  which  has  access  to  the  desired  subscriber's  Hne  No. 
2,543.  This  connector  is  then  operated  by  the  last  two  movements  of  the 
subscriber's  calling  device,  and  performs  the  functions  of  an  operator  in  the 
manner  ^eadv  described  at  some  length. 
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Fig.  Ci,447  illustrates  this  grouping  arrangement  and  shows  the  connection 
just  described  from  the  calling  telephone  to  a  first  selector,  then  from  the 
second  row  of  first-selector  bank  contacts  to  a  second  selector  in  the  2,000 
section  of  the  exchange,  then  from  the  fifth  level  of  this  second  selector's 
bank  contacts  to  a  connector  switch  in  the  500  group  of  the  2,000  section, 
and  then  through  the  fourth  row  of  the  bank  contacts  of  this  connector  to 
the  called  telephone. 

It  is  readily  understood  that  by  thus  using  a  first  selector  to 


MO  TOO  MO 

iiiui  iiiiiinH  Hiuiiiii  iiiiuiiii  aiuiNii  iimuiii 


PXG.  8,447. — Diagram  iHustratisg  working  of  the  multi-exchange  system  hy  means  qf  ••Ise* 
tor  «i0ftch«t.  As  shown,  connection  has  been  made  by  a  subscriber  with  phone  No.  2»5i8. 
by  means  of  ilrst  and  second  sdeUor  switches  and  a  connector  switch,  the  latter  looatsd 
at  the  central  station  at  which  the  line  of  the  subscriber  called  terminates. 

pick  out  a  trunk  to  any  one  of  ten  different  1,000  sections,  second 
selectors  in  each  section  to  pick  out  trunks  to  any  100  group 
in  each  1,000,  and  then  by  using  the  connectors  to  complete 
calls  to  individual  lines  in  each  100,  that  connection  may  be 
made  by  the  use  of  three  switches  from  any  calling  telephone 
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to  any  number  from  0000  to  9,999  or  in  other  words  to  10,000 
different  ntnnbers. 

It  will  also  be  readily  tmderstood  that  by  using  a  fourth  switch, 
called  a  third-selector  switch,  and  using  nimibers  with  five  digits 
instead  of  fotir,  that  the  capacity  of  the  system  will  be  multiplied 
by  ten  and  will  be  100,000  lines  instead  of  10,000. 

In  a  system  of  100,000  lines,  10,000  numbers  are  generally  set  aside  for 
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Fig.  8,448. — ^Diagram  Bhowing  relation  between  the  lines  and  the  trunla  at  the  line  switch 
banks.  Although  only  three  trunks  are  shown,  it  must  be  understood  that  there  are  always 
ten,  and  the  number  of  lines  may  be  anywhere  from  25  to  100.  Assume  that  the  position 
of  the  master  switch  is  such  that  each  line  switch  plunger  is  pointing  opposite  its  set  of  con- 
tacts belonging  to  trunk  No.  3.  If  a  call  be  originated  on  say  line  No.  3,  the  plunger  of  that 
line  switch  wul  operate  to  close  its  pair  of  contacts  on  trunk  No.  3,  thus  connecting  the 
line  with  the  trunk.  At  the  same  time  the  master  switch  operates  to  move  the  remaining 
plungers  imtil  they  are  resting  opposite  the  contacts  of  line  No.  2,  (assuming  that  trunk  to 
be  idle) .  The  next  line  switch  being  used  will  take  trunk  No.  2  and  the  rest  of  the  plungers 
will  take  up  a  position  opposite  the  next  idle  trunk.  It  must  be  understood  that  the  trunk 
finding  movement  takes  place  from  No.  10  to  No.  1.  The  master  switch  does  not  pre- 
select trunks  in  moving  from  No.  1  to  No.  10,  but  paisses  over  them  without  stox>ping. 


each  main  central  office.  Consequently  on  each  call  the  first  selector  picks 
a  trunk  to  the  desired  office,  the  second  selector  picks  a  trunk  to  the  desired 
1,000  in  that  office,  the  third  selector  picks  a  trunk  to  the  desired  100  and 
the  connector  completes  the  connection  to  the  desired  line. 
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FlQ  8,449. — ^Diagzicun  of  automatic  telephone  system  installed  at  Los  Angeles,  Cal.  As  shown 
there  aie  six  main  offices,  each  with  an  ultimate  capacity  of  10,000  lines.  The  OUve  Street 
main  office  is  now  equipped  for  IQ.OOO  lines.  West  for  4,000  hnes,  Adama  for  2,500  lines. 
South  for  5.000  lines,  Boyles  for  800  lines  and  East  for  1.000  lines.  The  numbers  in  the 
South  Office  aU  cdnutience  with  29,000.  Those  in  Olive  Street  Office  all  commence  with 
60,000  etc.  South'  office  has  a  branch  office  called  Vernon;  West  office  has  two  branches 
which  are  called  Prospect  Park  and  Hollirwood;  Bast  office  has  a  branch  called  Highland 
Park.  The  numbers  m  each  branch  office  commence  with  the  same  digit  as  the  ntunbers 
an  the  main  office  to  whidi  it  ^nnects.  That  is:  one  of  the  sections  of  1,000  numbers  are 
taken  from  the  main  office  and  are  set  aside  for  use  in  the  branch.  For  example:  the  lines 
now  equipped  in  South  office  are  niunbered  from  21,000  to  25,000  and  the  numbers  in  its 
branch  Vernon  run  from  29JM0  to  29,999.  It  is  ,of  course,  unnecessary  for  a  calling  sub- 
scriber to  know  to  which  office  he  is  connected  or  to  which  of&ce  the  party  he  desunes  to 
call  is  connected.  The inmking  between  offices  is  all  automatic.  A  subscriber,  for  instance, 
in  the  South  office,  who,  on  the  first  move  of  his  dial  turns  it  from  the  ntunber  2,  wiH  auto- 
matically select  a  local  trunk  line  to  a  second  selector  in  South  office..  If  he  make  the  first 
turn  from  the  number  S,,a  first  selector  at  South  office  will  automatically  connect  him  to 
a  trunk  line  terminating  in  a  second  selector  at  East  office.  Or,  if  he  make  the  first  ttim 
from  the  ntunber  6,  the  first  selector  at  South  Office  will  automatically  select  an  idle  trunk 
to  Olive  Street  office,  etc.  Suppose,  a  subscriber  connected  to  the  South  Offioe  wish  to  call 
62,127,  which  is  an  Olive  Street  office  ntmiber.  The  first  movement  of  the  dial  oi)erates  a 
first  selector  at  South  office,  and  extends  the  connection  over  an  idle  trunk  to  a  second  se- 
lector switch  in  the  Olive  Street  office.  The  second  di^t  2  will  operate  the  second  selector 
at  Olive  Street  office,  and  extend  the  connection  to  a  third  selector  inthe2,<000.sectionof  the 
Olive  Street  switchboard.  The  third  digit  1  will  extend  the  connection  to  an  idle  connector 
switch  in  the  100  group  of  the  2,000  section.  The  last  two  digits  will  operate  this  connector 
switch  and  complete  the  connection  to  27  in  this  partictilar  100.  Suppose,  again,  that  a 
Soul^  office  sutMcriber  is  calling  39,143  which  is  in  the  Highland  Park  branch  ofi&ce.  The 
first  movement  c^  the  dial  operates  a  first  selector  in  the  South  office  and  selects  a  trunk  to 
a  second  selector  in  the  East  Main  office.  The  second  movement  of  the  dial^raises  the  shaft 
of  this  second  selector  nine  steps,  and  selects  an  idle  tnmk  to  a  third  selector  in  the  Highland 
Park  branch  office.  The  third  movement  extends  the  connection  through  a  local  trunk  in 
the  Highland  Park  branch  office,  to  an  idle  connector  in  the  100  group,  and  the  last  two 
moticms  of  the  dial  result  in  the  completion  of  the  connection  to  43  in  that  particular  him- 
dred.  The  time  reqvtired  to  complete  a  connection  and  the  ntmiber  of  maciiines  used  is 
independent  of  the  ntunber  of  offices  through  which  a  connection  may  be  trunked. 
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Fig.  8,450. — ^100,000  lino  autcnnatio  telephoxie  system.  Such  a  system  is  necessarily  divided 
up  into  several  offices,  because  it  is  too  large  to  be  placed  in  one.  The  ideal  distribution 
wotild  have  10  offices  of  10,000  lines  each.  The  details  of  switch  connections  may  be  illus- 
trated by  using  only  two  offices.  Each  office  is  somewhat  like  an  ordinary  10,000  line  ex- 
change. There  are  10  connectors  for  each  100  lines  and  there  are  100  selectors  which  de- 
liver traffic  in  a  given  thousand,  consisting  of  10  himdreds.  These  selectors  are  now  called 
third  selectors,  although  their  function  is  exactly  the  same  as  that  of  the  second  selectors 
in  a  10,000  line  system.  Bade  oi  the  third  selectors  are  other  selectors  whose  duty  it  is  to 
choose  thousands.  The  bimks  of  the  fixst  selectors  in  the  100.000  line  system  distribute 
traffic  to  the  offices  al  levds.  One  level  will  be  the  local  level,  because  it  runs  to  second 
selectors  in  the  same  office .  AH  the  rest  of  the  levels  trunk  out  to  other  offices.  All  the  tnmks 
from  the  given  level  of  first  selector  banks  run  to  a  given  office  and  any  trunk  serves  as  well 
as  any  other.  They  can  all  be  formed  into  one  group  by  means  of  secondary  line  switches. 
This  IS  common  practice.  The  incoming  trunks  end  on  incoming  second  selectors.  Their 
banks  are  multiphed  to  the  banks  of  the  local  second  selectors  in  such  a  maTmer  as  to  mia^ 
the  traffic  as  uniformly  as  may  be  done. 
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Systems  of  100,000  lines  capacity  have  been  installed  in  a  ntunber  of 
different  cities.  One  of  the  most  notable  is  that  in  Los  Angeles,  as  shown 
in  fig.  8,449. 

In  multi-central  installations,  each  line  tenninates  at  a  line  switch. 
The  line  switch  is  not  under  the  control  of  the  subscriber,  but  connects  him 
automatically  to  an  idle  first-selector  switch  the  instant  he  removes  his 
receiver  from  his  switch  hook  preparatory  to  making  a  call.  The  first- 
selector  is,  therefore,  0|}erated  by  the  first  impulses  transmitted  from  the 
subscriber's  calling  device  just  as  in  the  older  systems.  When  the  line 
switches  are  used,  10  first  selectors  for  each  100  lines  are  generally  sufiSdent 
to  handle  the  traffic. 

Each  line  switch  (fig.  8.438)  includes  the  line  and  cut  off  lelays  with 
which  each  line  is  equippea  just  as  in  manual  practice. 

Ordinarily  the  banks  ot  100  line  switches  are  multiplied  tojjether  and 
connected  to  10  first  selector  trunks,  but  for  four-party  hne  service  or  extra 
heavy  traffic,  the  number  in  one  multiple  is  of  ten  reduced  to  fifty.  Pif.  8,430 
shows  a  front  view  of  a  complete  line  switch  unit  with  100  line  switdies  and 
two  master  switches  mounted.  Only  one  master  switch  is  used  at  a  time 
the  other  being  held  in  reserve.  Fig.  8,431  is  a  rear  view  of  the  same  unit 
showing  how  the  10  connector-  switches  used  for  handling  calls  incoming 
to  any  100  lines  are  mounted  on  the  same  upright  as  the  line  switches  lian£ 
Hng  their  outgoing  calls.   . 

While  the  primary  object  of  the  line  switches  was  to  reduce  the  cost  of  the 
switch  board  by  ehminating  90  per  cent  of  the  comparatively  expensive 
first  selector  switches,  they  have  also  simplified  the  central  office  equipment 
and  have  reduced  the  space  required  for  it.  Further,  they  have  r^ulted 
in  several  new  and  somewhat  radical  departures  in  the  art  o£  building 
automatic  t^ephone  systems.  The  most  imix>rtant  of  these  is  tiie  line 
switch  district  station  which  enables  very  considerable  savings  to  be  znade 
in  underground  and  aerial  cable. 

A  district  station  is  installed  by  placing  one  or  more  line  switch  tmits 
complete  with  connector  switches  m  a  mall  building  at  the  telephonic 
center  of  a  district ,  generally  a  mile  or  more  distant  from  the  nearest  central 
office.  The  lines  ofall  telephones  in  the  district  are  brought  to  the  district 
station  and  are  there  connected  to  the  line  switches.  The  first  selectors  to 
which  these  line  switches  are  trunked  remain  at  the  nearest  large  central 
office,  consequently  when  a  district  station  subscriber  removes  his  receiver 
from  his  switch  hook  preparatory  to  making  a  call,  his  line  switch  instantly 
puts  him  into  connection  by  means  of  a  tnmk  with  a  first  selector  switch  at 
central  office.  The  connector  switches  for  handling  the  calls  to  the  district 
station  telephones  are  mounted  in  their  usual  places  on  the  back  of  the  line 
switch  units,  and  are  connected  by  trunks  to  the  banks  of  second  selectors, 
also  located  at  the  nearest  central  office.  Thus  all  calls  from  and  to  the 
district  are  handled  over  trunks  instead  of  over  subscribers'  lines. 
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CHAPTER  139 

Wireless 


□     AERIAL  WfRE  OR 
ELEVATED  TERMINAL 


5PARK  GAP 

o 


BATTERY 


Pig.  8.451. — ^Blectrfe  wave  method  of  wireless  tele- 
graphy. The  theofy  upon  whkh  this  is  based 
assumes,  that  where  one  terminal  of  the  oscillator 
system  is  grounded  and  the  opposite  tenninal  ele* 
vated  as  shown,  the  electric  waves  remain  spherical 
and  are  propagated  in  a  straight  line,  until  they 
come  in  contact  with  the  upper  stratification  of 
rarefied  air,  which  is  a  conductor  of  electricity  and 
therefore  an  insulator  of  electro-magnetic  waves, 
when  they  ate  reflected  back  to  the  surface  of  the 
earth. 


By  definition,  wirdess 
telegraphy  is  any  system  of 
telegraphy  which  successful- 
ly substitutes  some  medium 
other  than  wire  for  the  con- 
necting  conductors. 

The  prevailing  mediiana 
is  the  ether,  or  that  invis- 
ible substance  which  is 
supposed  to  fill  all  space. 

The  method  of  utilizing  this 
medium  is  by  radiatton,  that 
is,  by  distribuHng  the  medium 
in  such  a  manner  as  to  produce 
far  reaching  waives  which 
can  be  detected  at  distant 
points. 


Fig.  8,452. — ^Blectro<>magnetlc  waves  emitted  by  an 
aerial  wire. 


NOTE.— /n  wirele99  teleffrnphg, 

messages  are  transmitted  by  means  of 
electromagnetic  waves  set  up  by  an 
instrument  for  generating  oscillations 
at  the  sending  station,  passing  through 
free  space  ^  and  received  by  a  delicate 
detoctbg  instrument  at  the  receiving 
station.  The  surging  of  electric  charges 
at  the  spark  gap  of  the  transmittmg 
mstrument  causes  the  ctinent  to 
ascend  the  sending  mast  and  flow  out 
mto  the  ether  in  the  form  of  waves  or 
vortex  rings  expanding  in  every  direc- 
tion: the  aerial  conductor  at  the  receiv- 
ing station  obstructs  a  portion  of  these 
waves  which  are  led  into  the  receiving 
mstrument,  by  which  signals  are 
sounded.  ^  A  transmitter  key  controls 
the  duration  of  the  sparks  at  the  spark 
gap,  hence  the  waves  are  sent  out  in 
groups  corresponding  to  the  dots  and 
dashes  of  the  Morse  code. 
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Theory  of  Wireless  Telegraphy.— It  is  well  known  that  a 
pebble  thrown  into  a  pond  cautea  ripples  or  waves  on  the  surface 
of  the  water,  which  tnove  away  from  the  point  of  disturboHce  in 
concentric  circles  of  ever  increasing  diameters. 


Evidently  suitable  apparatus  can  be  devised  to  be  o 

of  the  motions,  and  thereby  indicate  the  o '" 


Fla.8,lS3. — CondaetMtif  mttltod.  Barlk  the  Kudiam.  Stanheil  of  Bavaiia  diicovend  that 


■juld  be  utilised  in  plica  of  the  usual  return  coi 
L.  ByclBcingeartliplatuMSuid  LF,  connec 
drcuil  parallel  with  the  first,  which  included  a 


conductotof  ■ 


la  enough  leakajre  < 
""     dottedfim 


er.    The  dotted  Ul 


Fia.8.4SA--lndueUvilM  tnathod.  Byp1acin«tiro<»ilBi)tiiunv'tunu  with  their  aiea  paiallel 
to  each  other  and  connecting  in  eeria  with  ons  a  battery  and  Ifey.  and  jcinint  the  end  ol  the 
other  to  a  telephone  receiver,  the  makn  end  break  of  the  lEey  cauiea  tba  electric  energy  to  be 
tTansfarmed  into  curved  masnelic  lines  which  linli  the  two  coila  u  thown.  inductna  in  the 
lecond  coilapiessunproportionaitotherHteof  Unkage.  Trawbridn  who  experimented  along 


bance.  Furthermore,  it  is  evident^  that  the  greater  the  diEtance  between 
the  center  of  disturbance  and  the  indicating  apparatus,  the  greater  must 
be  the  energy  of  disturbance,  or  the  sensitiveness  of  the  indicating  appa- 

Likewise,  the  vibrations  of  a  struck  bell  or  a  timing  fork  are  propagated 
through  space  by  the  air  and  set  up  corresponding  vibrations  in  other 
suitable  elastic  bodies  such  as  strung  wires,  tuning  forks,  glass  lamps, 
globes,    etc. 
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Sound  waves  represent  the  advance  of  a  distvirbance  into  a  medium  and 
are  due  to  the  elasticity  of  the  medium. 

Heat  waves,  light  waves,  and  waves  due  to  electric  oscillations  such  as 
those  employed  in  wireless  telegraphy  belong  to  the  latter  dass,  and  differ 
from  sound  waves  only  in  the  nature  of  the  meditun  by  which  they  are 
propagated. 

Ether  waves  are  detected  by  suitable  apparatus. 
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Pigs.  8,455  and  8,456. — ^Electric  strains. 
Fig.  8.455,  vertical;  fig.  8.456,  horizontal. 
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Fig.   8,457. — Diagram  showing  earliest  form  of 
Marconi  system. 

Pig.  8,458. — ^Reflection  of  electro-magnetic  waves. 

Thus,  ether  waves  shorter  than  about  54:714  of  an  inch  cannot  be  detected 
by  the  eye,  but  produce  effects  on  photographic  plates.    Waves  ranging 

in  length  from  54:714  to  smw  of  an  inch  appear  to  the  eye  as  light  of  differ- 
ent colors,  the  former  violet  and  the  latter  red;  while  waves  longer  than 

u;!^  of  an  inch  are  invisible  to  the  eye,  but  produce  temperature  changes 
indicated  by  suitable  thermometers.    Likewise  ether  waves  produced  by 

electrical  oscillations,  and  exceeding  i^  of  an  inch  in  length,  produce  no 
^ect  on  photographic  plates,  are  invisible  to  the  eye,  have  no  effect 
on  thermometers,  and  can  be  detected  only  hy  means  of  suitable  wireless 
apparatus  such  as  coherers  or  other  detectors. 


Practical  Wireless  System. — For  the  successful   practice 
of  ordinary  wireless  telegraphy  two  things  are  essential: 

1.  A  powerful  oscillating  system.     2.  A  sensitive  detector. 

Aa  originally  employed,  both  the  oscillator  and  the  detector  were  of 
tl)«  open  circuit  type,  the  oscillator  consisting  of  &  vertical  wire,  called  an 
aerialor&a  antenna,  the  upper  end  of  whicn  waa  supported  l^  a  mast, 
and  the  lover  end  connected  to  tha  earth  through  a  spark  gap. 


D.D.    TheplupB, 


ytttAtrtrotifttOar.  A.uasolcd  glsDtuba  kbout  l>j  Inchn 
BDuut  Vii  inch  dUmetcr.  B,B,aie  nslillic  plugi,  often  made  of 
ed  to  the  Hteinil  wires  C.C,  by  auled-in  pliITnum  cooneclionl 
re  held  separated  so  bi  to  leave  &  r — " "   -i.-..-.  ..     ;_-i  — -±. 


imc  powder  or  diuir  which  lia  loosely  in  the  gap.' 

AERIAL  f— AERIAL 


Pioa.S,4W  and  B,4ei.— OMJtlatnn  tnuix 
toratt  diamnu.  IM  vpmrattan,  the 
NCondatTc^  lets  tip  biah  ptetnre  oaca- 
btioDi  irtiich  bleak  acroH  the  varicjnp 
md  inrge  ttooinh  the  tTamtofmer.  The 
aerial  and  ground  wire  clipa  are  then 
adJDStid  on  the  tnmformer  belii  and 
the  wave  length  tax'tf^  wJ"  varv  ac- 
cording to  thiia'^  - 


J! 

>ARK  O 


FlQ.  iitHi- — Ponn  of  osdnat- 

lutfth,  mar  be  varied  by 
Inc^aDng  or  decreaamg  the 
open  drooit  with  the  ad- 
Jntabls  helix  clip*  and  t^ 


.    Atoo  t^  altertng  the 

tpnthei.  two  wavj  lengtbi 
inll  be  eniitted.    Tbi»  u  de- 

lAere  help  ii  needed. 
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5TROT»  OF  RABEFIED  AIR 
RECEIVER 


CURVATURE  Of 
THE  EARTH 
Pio,  S483  .-^electric  wbwb  reflectad  to  the  inrfM*  of  tho  ewth  hf  >t 

Pio.  8.1U.-~-Eii»tiiiwnt  wIthEUitutoillnftiaMthalaettliitt  nir  waves,  when  letia  m 
b]r  doe  itrinf  of  a  csRoin  note  will  caow  to  vibntc  (Botlwr  Mrine  tuned  to  ths  same 
latTjiogtbucxpniiDent.ta  avoid  tmublsKimB  itnitRhiiie  ot  >tiiiigi,  it  willba  advisal 
1[BBi>BbautaluK-tonabdow"cDBoe(tpitcli."  VbentlwAatiiaaubrougbttoBuclitf 
u  to  b«  la  in  Mopai  tdadva  tune  with  tha  B  itring  Jt  will  lound  in  uniion  with  the  ii 
'  tha  B  a  (topped  b?  fw  fiaaer  pwwlng  thaB  firmly  agtuiut  f reC  S . 


.^Jy.A.C.^ , 

11,  ElectroM  lead-m  uuulator;  12.  S 
tnmer  and  rotary  ipark  esp  motor: 
cimiit;  15,  Gcrnstuck  Totary  vi 
filed  condemer;  18, ulicondetec.-.,- 
30,  Da  PoTHtaudicin  detector  bulb;  2 
SHp  to  rectivniE  let;  S3,  heai' 
bmp  and  head  telephODO  le 


atation.  1,  ThoTadraon  fluible  tramfonner  on  slata  ba 
ith  gitM  BKia  and  and;  3,  Mmdoclc  moulded  aendiag  cf 
in  kickback  pnrentet:  5,  Electio  ImiiOTtineCo.'a  Mkw.  tra: 
.-.;.  i_. :_. ..  n.' n  -n  0^^  pcSw  awilfll!  8.  p~ 


amnie  D  P  8  T  switch  controlling  cv 
.,  IJarconi~~'""'""" ' —  *'    — *' 

batteiy  awitchboard  for  audlon;  32 ,  iMda  frmn  aadif 
iti. 2*.  battery  boa  cr — ~' — *-" -""* ■"— 


4,244  -  884 


WIRELESS 


The  capacity  and  inductance  of  the  oscillator  system  are  distributed 
along  the  entire  length  of  the  vertical  wire  in  conformity  with  a  law  that 
makes  the  length  of  the  electric  waves  approximately  equal  to  four  times 
the  height  of  the  antenna. 

High  Frequency  Oscillations. — High  frequency  oscillating 


Pics.  8,466  to  8,469. — Electric  oscillations.    Fig.  8,466   damped;  fig.  8,467,  undamped;  fig. 
8,468,  strongly  damped;  fig.  8,4G9,  feebly  damped. 


6 

Q 


Figs.  8,470  to  8.472.~Oscil1ation  circuits.    Fig.  8,470.  open  oscillation  circuit;  fig.  8,471. 
conductively  coupled  oscillation  circuit  ;fig.  8,472  inductively  coupled  oscillation  circuit. 


i«raves  are  best  adapted  for  wireless  telegrapny  and  are  abso- 
lutely essential  for  wireless  telephony. 

With  a  generator  having  a  frequency  of  10,000  cycles  per  second  and 


i 

if 


J 


ast-i^i 


^ , , ra  of  no  vc— , 

-...._ - f  thnnwi  the  tMMiiiiio*  iuiduU  It  into  nUtioii.    The  attii'iiilor 

m  turn  tntraia  oUswutiij  ewntnt  >t  prewufw  Turing  from  110  to  SOO  TaHa  ftccoidtac 
to  thodeognof  thenuchiixe.  Vhsx  tha  frfavro^ibifcfYiBclaHj,  cumnt  jtoHufran^thofiii^ 
rtlar  armatiirt  thnoch  the  primary  MetnMnt  of  the  Iramfatua  wttiiis  up  nwgoetie  IhtM  ot 
foKo  which  intenect  or  cut  ttaroqgh  tho  ttctmdary  windiKt  indaang  tOBun  &  cuirent  At- 
pnesnnt  varying  from  10,000  volti  to  25.000  <raUi.  Noir  the  voltaga  and  th«  fnqucaeir 
of  the  allcrnatinB  corrent  c*a  ba  adjuited  br  the  f«Hra(ir  jWi  rtoMol  and  Uie  nodir  jiiK 
rkuMol.  fbr  namplaf  if  mlitaoce  be  BMad  at  the  motor  Add  rheeatat,  the  motor  wiU 


„  . —  Hcanlani  wlwijiu  of  the  hii- , . , 

I  hatttry  o/  tomdtnttri  n^cre  tha  anovy  b  atoied  w  tcnnorarilir  in  the  toi_ 
IlHMoftorce.    When  tba  limit  of  cbusaf 01  eadiBltematiDnoC  chBiguuEcnr- 
been  reached,  the  cowlenaer  *M  Michartt  ama  On  ifark  gap  Anmih  Atpnmay 
loiiu  of  the  oadllatios  tiBnif<>mier,thediichareB  conusling  ta  a  nomber  vl  riidia-frititt»et 
'iiauoHt,    The  trequenc7  of  the  osaHationi  wll  deemse  it  ii\duclaitee  be  adiid  at  thi 


--—-—^.-,,  The  frHiuenc7  of  tha  osdUationi  i^  decrcafe  it  tnductait<e  be  added  at  tlM 
primary  maiding,  or  increue  if  the  inductance  be  reduced.  An  incresM  or  decreaae  of  tha 
capM>t)r  o(  tha  condenaer' affect*  the  &equencr  in  the  iHcae  manner,  t.  i..  a  rtimtticm  tf 
eapmily  will  iturtan  0i4  fTivunqj^  Iki  okOlalteiu  tdiilt  ait  iiuraut  of  cafacily  aBlndatt 
Ou  Jrtqueiiey  t^  A*  oidlfauinu.  The  oiciUalKHu  flowing  in  the  liosti  circuit  ore  trmtfemt 
to  the  atri^  anmlt  tbioiigh  tha  oaeitlatian  tiwufoimer  and  a  portion  of  tha  eaert;  i*  radl- 
Bted  from  tha  aalMa  in  the  f onn  of  datromatiulic  woki.  In  a  nmpte  linale  wiie  aerial 
syitem.  tha  wave  length  of  this  irave  motioD  will  be  approsmately  4.3  time*  tha  kngtll 
of  the  oadllator.  The  lenBth  of  the  radiated  wave  in  tact  variaa  Invenely  at  the  trequenw 
"m  oiciltation.  The  Ugher  frequencies  auch  aa  IMO.OOO  and  1 .000,000  cydea  per  lecona 
eapood  to  the  ihorter  wavea  sbO  meten  and  300  metera  reapectirelr.  while  lower  &•- 


qnenoea  of  oadllation  from  80.000  to  100,000,  for  examide;  coriMpond 
fiomlO.OOOmeteradowntoS.OOOmetera.  If  a  rM«M<u  atrial  be  encted  at  a  dfalaM  M 
and  ita  natural  time  period  of  osdllationa  adjusted  to  the  frequence;  of  tha  oecillationa 
ing  in  the  transmitter  aerial,  feetto  currcDta  win  be  inducM  in  it  which  by  amfV 


devices  may  be  heard  in  the  ratmint  tdtptume.  Mon  clearly,  the  fluxea  of  the  advanoing 
wave  win  induce  cmmila  in  the  receiving  aerial  having  lubstaatially  the  f  laquency  of  tiia 
oadllatiooi  in  tha  ttanamitting  aerial.  Br  apnopriate  devices  wlUiia  the  station.  tiMsa 
currents  can  be  tranilated  into  the  language  <H  the  asnder. 
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-.  .         „      ,  T-h  frequency  train  of  waves  will 

be  transmitted  which  will  sound"lil(e  muac  in  a  receptive  device  end  can 
be  beard  over  a  greater  distance  than  a  low  frequency  wave  because  the 
e  suceptible  to  high  notes. 


Pro.. S^T6.— Tuned  a 


it  uid  to  beUcr  ni 


1  laiaer  unount  of  energy  mm 
oociUatioa  tet  up  in  it,  comtnei 


-_  a  tariabU  imdaciaiia  toll.  Before  the  d^mptira  dBdurge  tains  place , 
of  the  inductance  coil  diargee  the  batterr  erf  Leyden  ju*  un^  the  prcsvim 
iffLcient  to  produce  a  diiruptive  diechuge.  When  the  Epark  peaees  the  osciUatiDg  cur- 
(Urge!  through  the  closed  drcoit.  Tto  i'lgo  cB.pKcity  of  the  Leydoa  isr  battery  per 
a  much  hrga  quantity  of  onergy  to  be  utoiMd,  tho  aerial  and  oarth  wires  beinx  con- 
the  closed  circuit  throuBh  the  inductance  coil  ae  ahowQ,  the  oocillationA  an  im- 
»n  it  when  it  radiates  them  into  space  as  electric  waves.  The  open  circuit  muAt 
I  with  the  closed  circuit,  so  that  the  period  of  oadlktion  of  each  may  be  identical. 
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Methods   of   Generating  Radio  Frequency  Current. — 

In  order  to  distinguish  alternating  currents  of  the  order  of  fre- 
quency employed  in  wireless  telegraphy  from  those  of  a  lower 
frequency  corresponding  to  audible  vibrations,  the  following 
arbitrary  terms  are  m  use: 


Fig.  S,478. — Open  cure  trsnsforniH.    The  tnuatarmex  primary  coil  winding  is  connected  tt 

..1.,  1 1 1  .1 .„  v_  J — w. 1.  ^ — 1.  .1 ^(^.j,  mj  (Jig  operation  of  tlu 

he  tiBnarpiCting  key  depreEsed 

the  uctnidary  being  wound  k. 
Mvolta.    Thi  cuiTBDt  sIRogth 


,.^  brushes  oC  tfae  generator  b7  double  pole  ain^  tl^w  awitch  and  the  operation  ol  .    . 
telegraph  key.    When  the  aerial  switch  handle  ie  down  and  the  tiBnarpitting  key  depreEsed, 

irequency)  surges  back  and  forth  through  the  primary  q< '■   "'  "'    -- ' --   --  -    --■  ■- 


u  loop  aerial  and  the  gr 


ly  conwat  ot  either  continuoui  or  ditcoiitiiiuoai  oieilb- 
noarated:  1,  by  the  rmdio  freqaencr  altenutor;  ^t  br 

-  „ 1.  by  a  battery  of  vacuum  tube  bulb.    Diitontimiina 

rated  by  the  chuse  aod  duchuse  of  a  Leyden  jar  or  battery  ol 


. S^ 

the  periodic  charge  and  ducbarge  of  some  form  of  condeDser. 

TranuniCtlng  Apparatus. — ^A  wireless  telegraph  transmitter 

may  be  divided  into  three  distinct  parts . 

1.  The  low  voltage  generating  circuit. 

2.  The  high  voltage  circmt. 

3.  The  oscillation  circuit. 


Upon  the  priociples  of  th»e  three  rcceinef 

— ,  , — r- tea  circuits  that  cen  be  devised.    The  open  circuit 

la  cIoMd  circuit  in  fig.  8  481  and  the  inductively  coupled  dicuit  ia 


Pig.  8.4S3 .— Loo«  couple  r 

Pig.  8,*84.— Loose  couple 

receivina  tuner  has  the  ■ 

uas  the  diBadvantaae  thai 


uariable  alidei.  While  this  type  d 
IS  pouihie  with  any  tiaiuformer,  il 
inserted  very  far  into  the  prinvkry. 


Tft«   low   tioUage   current 

includes:  1,  a.  source  of  current, 
2,  aregulating rheostat, 3, atele- 
^pb  key,  and  4,  primary  wind- 
ing of  a  transformer. 

The  [high  tension  circuit 
consists  o£  the  secondary  of  th« 
transformer  and  the  spark  sap, 
with  or  without  the  choke  coils. 
I£  the  latter  be  used  they  should 
consist  of  8  or  10  turns  of  heavy 
wire  wound  in  flat  or  pancake 
toria.  The  latest  forms  of  spark 
gap  are  those  having  revoTviiig 
elements. 

The  otcillation  circuitt 

comprise  1,  open  circuit,  and  2, 
elosM  circuits,  the  latter  being 


Pig.  8,485.^^11111112  coQ  inductance,  flenciatly  IcDoim  u  ■  "faclix."    This  a  composed  oC  IvAvy 
wiio  wound  on  aorir  wooden  fisme  in  the  foim  of  «  ipiml.     By  itUchiim  ■?'    --"-    "-- 


PtO.  8,(86.—Mucot  Totuy  vubiUa  eondaner,  tha  Inuriad  hiad  nbba  knob  bn  aa  tmw 

h«ad  pointer  to  le^iater  on  a  cdluioid  «ak. 

IS  hud  nibba  knob  ■.!  ths  top  nt  tba  detector  itesd 

~  ~  ^ei  into  the  ciyital  ii  moved  up  oi  down.    Thii 

y^  tiaht  or  looH,  u  deuied.    The  spiins  ihown 
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The  Receiving  Apparatus. — This  includes  the  detector  and 
the  detector  circuits. 

There  are  many  mays  o£  connecting  the  various  parts  ot  apparatus  used 
for  detecting  wireless  messages,  but,  reduced  to  their  Bimplest  forms,  they 
are  all  derived  from  three  distinct  circuits.  Figs,  8,480  to  8,482  show  a 
diagram  of  each  of  these  elementary  circuits. 


Fio.  S.488.— Peroxida  of  lead  <letwtOT.  A  fiat  jriece  of  iwioude  of  lead  »  clamped  between 
a  platinum  Burfecc  and  a  flat  ^ece  of  lead.  Bbding  posts  comiect  lo  these  two  electroda 
and  are  toarlced  +  and  ~.  The  positive  iiole  ot  a  battirr  it  contucted  to  tlie  plaiuum 
electrode  at  the  binding  post  marked  + . 

FiC.  8.480.— Electtcly lie  del«tor;  most  sensitive  except  the  audion  and  valve  typei.  /( 
conatoC*  o/ a  carbon  cup  connected  to  a  binding  post  sndan  adjustable  standard  wliKh  holda 

and  Then  a  telephone  is  shunted  around  it,  the  vaivine  RtiUaDce  is  eufRcicnt  to  vibrate  tin 
rnvhraffm  but  not  sCronq  enough  to  work  a  telegraph  relay.  When  a  pot«iitlnm#t«.T  mrwi 
btfterr  are  connected  with  the  electrolytic  detector  and  telephone,  the  sea 


In  fig.  4,880  no  condenser  should  be  used  unless  it  be  of  high  capacity. 
The  detector  must  be  closely  adjusted  and  very  sensitivs  to  give  tte  best 
results.    The  receiver  is  shmited  around  the  detector. 

In  fig.  4,881  a  low  capacity  condenser  must  be  used  in  series  with  the 
detector,  which  may  either  be  fi<ed  or  variable.  The  detector  should  aba 
be  very  closely  adjusted  in  this  case  to  give  the  best  results. 


Vacuum  Tube  Detectors. — The  term  vacuum  tube  has  be- 
come quite  general,  but  other  names  such  as  audion,  vacuum- 
valve,  electron  relay, Fleming  valve,  etc.,  are  used  for  vacuum  tube 
detection,  some  of  them  being  trade  names  given  by  manufac- 
turers to  distinguish  their  own  product. 

The  most  important  uses  of  vacuum  tubes  are:  detection  and 
rectification,  amplification  of  signals,  and  generation  of  oscilla- 
tions.    A  vacuum  tube  is  sometimes  called  an  electron  relay. 


Pio.  B.490. — Flenung  two  dsment  Vkcuum  tu 

directions.    In  the  oniaarv  lunp,  thoe  ekctrona  simplr  bit  tlw  si^ ^.,_p,— ^^.^.    ,_, 

howevBt,  B  (in^  metal  buid  be  placed  tmuDd  ciiher  the  outeide  or  Uic  inade  of  the  eIub 
bulb  and  if  a  dry  batterr  be  coiuKcled  between  the  Qament  and  plate  u  that  the  oegativB 
pole  of  the  batiery  n  caanected  to  the  neSH.tiva  side  of  the  filament  and  the  pootive  pole 
to  this  metal  plate.  ttie»  Degat"--  -'--•«^—  — ;"  i—  — ^ri..  „h^^^m4  *«  ib.  ax-*,  k^-,.,.  .«  » 
of  a  poBlivB  nature.  If  the  pi 
and  ^nll  try  to  find  other  landii 

because  that  is  exactly  what  it  is,  that  is,  it  relays  electrons  from 
the  filament  to  the  plate.*  The  electrons  thus  relayed  act  as 
carriers  of  electricity  between  the  filament  and  the  plate  which 
are  separated  in  a  vacuum.     Pig.  8,490  shows  what  takes  place 

■NOTE. — An  electron  ii  the  tmaUal  particle  of  matter  known  to  Kience  and  it  ii  nqi- 
i>DAed  to  carry  the  smalleBt  poaaible  chaise  of  u€tQtiv€  electricity  on  its  travel  from  otH  bodv 
toanotber.    ^  a  ncuum  tu^ekctnog  act  ai  cariien  of  electndtr  between  tba  filament  aad 
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-within  the  inside  of  a  vacutim  tube  of  the  Fleming  two  element 
lype.* 

Fleming  Vclve  as  c  Detector. — Since  in  order  to  receive  radio  waves 
it  is  necessary  to  first  rectify  their  ax.  nature  with  a  pulsating  dx.  which 
will  operate  the  telephone  receivers  and  cause  a  sound  to  be  heard,  the 
yienaing  valve  may  be  used  as  a  detector  on  account  of  the  recti^ring 
action  explained  in  fig.  8,402,    Fig.  8,491  shows  this  two  element  vacuum 
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Fig.  8,491. — ^mple  fonn  of  Pletniiig  two  element  valve  and  application  of  direct  current. 
P,  is  a  filament  heated  to  incandescence  by  the  battery  A,  the  current  being  controlled  by 
fut  rheostat  R.  If  a  battery  B,  be  connected  as  shown  in  series  with  a  milli-ammeter  M.  A. 
It  will  indicate  that  a  minute  current  is  capable  of  passing  through  the  space  separating  the 
filament  and  the  plate  in  one  direction  only,  that  is  for  tne  plate  to  the  filament,  n  th« 
polarity  of  the  battery  be  reversed  no  current  will  pass  through  the  system.  Accordingly 
t)ie  valve  is  a  rectifier.  If  alternating  current  be  siibstituted  for  battery  B,  corr^rponduiti 
halves  of  each  cycle  of  the  current  wm  pass  while  the  other  halves  will  not  pass..  This  rec 
tifying  action  ot  the  valve  is  utilized  to  rectify  the  incoming  oscillations  of  a  radiotelegrBph 
receivmg  system. 

Fig.  8,492. — ^Fleming  valve  used  as  a  detector  in  a  radio  receiver  and  elementary  circuit.  Tlie 
action  of  this  circuit  is  a  rectifying  one,  the  incoming' radio  osdlUtions  which  represent  tbe 
sispnals  are  rectified  where  but  one-half  of  their  alternations  (the  positive  side)  is  jiennitted 
to  pass  through  to  the  filament  circuit  and  thence  to  the  phones. 

tube  being  used  as  a  detector  of  radio  oscillations.  Although  this  circuit 
is  a  very  elementary  one  it  will  (n)erate  fairly  well.  In  some  cases  an  ad- 
ditional battery  is  used  in  the  plate  circuit  with  better  results. 


^NOTE.—The  term  two  dement  means  simply  a  filament  and  a  plate.    The  three  element 
vacuum  tube  is  the  one  employing  filaoMnt,  plate  and  gird. 
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Tkrme  EUmmnt  Vaeuum  Tube, 

— De  Forest  conceived  the  idea  of 
introducing  an  Bimliary  electrode 
in.  the  ordinary  valve  of  ■Uie  Fleming 
type.  This  electrode  placed  between 
the  filament  and  the  plate  iA  known 
as  the  grid  and  is  composed  of  a 
little  solenoid  Burrounding  the  fila- 
ment aa  shovn  in  fig.  8,493.    It  is 
sometimes  made  in  the  shape  of  a 
MitBiu  nr     ladder  placed  on  both  sides  of  the 
I™™  "'     filament   as  in   some  transmitting 
'  tubes,  but  its  purposeisthesamein 

allcases.  Theoperationofthethree 
element  vacuiun  tube  is  explained 
Id  figs.  S,404  to  8,496. 

Tic.  S.4{IS. — Viaw  of  tbna  dement  vuuum  tube  (bowiiis  (Arts  and  du);nun  of  nma. 


FLCW  or  CUMINT 


FLOW  or  tLICTKOIK  ELtaiVWS  KUWM  V*  GU 


Figs.  S,4M  toS.lM.— Dh 
Ai  before  eniilaJned  »  [ 
jilamtia  lo  lilt  tlaU,  ein 
ctimnt  IrDm  the  batter] 


By  properly  connecting  a  three  element  -v  ^   _ 

citcuit,  it  may  be  used  as  a  detector,  its  operation  b£  a  detector  bdng 
shown  in  fig.  8,494. 

Ampliflef. — ^A  so-called  amplifier  is  simply  a  type  of  trans- 


fonner  the  object  of  which  is  to 
strengthen  the  radio  signals  so 
as  to  make  possible  the  recep- 
tion of  signals  from  very  distant 
stations,  which  otherwise  would 
he  inaudible.  The  method  of 
^'corinecting  an  amplifier  in  the 
circuit  is   shown  in  fig.   8,499. 
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S,4e8. — The  three  element  vacuum  ti^  luedai  s  detector  and  diajroia  oi 

order  to  itiake  the  tube  operate  at  all  times  as  a  rectifier  o£  oscillabons  »  grid  condn^er 
I  grid  teak  must  be  placed  in  the  grid  circuit.  Onl/  sitemating  gurrent  can  pass  through 
I  condenser.  When  the  arid  ia  positive,  electrons  are  drawn  over  it.  but  when  it  is  nc^- 
e.  the  elections  are  repelled,  thm  for  each  aueceedinghiK  osdllation.  elections  aie  drawn 
grid,  placing  a  charge  in  the  grid  condenser  which  ia  negative  on  the  Rrid  side.  Since 
-nMBtive  charge  on  the  grid  acta  to  lednce  tba  plate  to  filament  current,  then. 
,1  of  oscillations  are  rectified,  ttietdepbone  current  is  reduced,  but  the  gird  le^ 

ilowly  dischaise  the  condenser  and  sikiw  the  grid  and  plate  te '---'- 

-■---     These  variations  which  occur  at  each  wavt ---■ 


ebaciita 


unf^ifier  and  q 


Htbe 
.  In  opvratlon,  when  the  m 


, . -noptiatfa..     _ 

jn  the  detector  circuit  is  applied  on  the  primary  of  the  tranrfon 

.^ „  voltage  is  induced  in  the  secondary.    This  voltage  charges  the  pressure  oi  the 

1  and  this  opena  anddoses  the  plate  filament  circuit.  These  impulses  in  the  plate  filammt 
ittt,  make  the  tt^ephone  diaphragm  vibrate  with  a  great  ampUtude  for  the  current  inter- 
rupted is  of  greater  intensity  owing  to  the  higher  voltage  of  the  battery  used  in  >'b«  awn-ritir,^ 
I£^  instead  ol  the  telephone,  tbe  primary  of  another  amplifier  be  connected  in 


dary  of  this  tnnBformer 


J  the  I 
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yr  repeating  the  process  several  times  (two  and  three  stage 
nplification) ,  commtinication  may  be  extended  to  stations  at 
ill  more  remote  points. 


Regenerative  Amplification* — It  has  been  shown  by  Arm- 
rong  that  amplification  similar  to  that  obtained  with  several 
ages  may  be  secured  with  a  single  tube.  Instead  of  feeding 
le  voltage  of  the  secondary  of  a  transformer  into  the  grid 
rcuit  of  a  second  tube  used  as  amplifier,  it  is  fed  back  into  the 


t 


1g.  8,500.— Typical  oscillating  circuit  in  which  sustained  oscillations  are  produced  bv  a 
vacuum  tube,  tn  operation,  the  battery  B,  current  flows  suddenly  in  the  circuit  PPLs, 
when  the  filament  is  Ut  up,  but  this  current  flowin/gr  through  coil  ht,  induces  a  current  in 
coU  Li ,  which  is  connected  to  the  filament  and  the  grid.  This  induced  cturent  flows  as  shown 
by  the  arrow*  thus  impressing  a  negative  pressure  on  the  grid  which  at  this  negative  pres- 
sure stops  the^electrons  flowing  from  the  mament  to  the  plate.  The  current  from  the  bat- 
tery B,  travelling, from  the  plate  to  the  filament  is  stopped  because  the  electrons  cease  to 
flow.  At  this,point  which  corresponds  to  a  break  in  the  plate  circuit,  a  current  flowing 
in  the  other  direction  being  induced  in  the  grid  coil  Li«  the  grid  is  made  positive  and  kelps 
the  electrons  to  reach  the  plate  and  the  same  phenomenon  is  reproduced,  keeping  in  the 
circuit  oscillations  of  constant  amplitude 

Tig.  8,501. — ^Elementary  circuit  of  a  C.  W.  tmnsmitter  illustrating  its  principle.  If  a  capa- 
city be  (xmnected  to  the  circuit  in  which  sustained  oscillations  axe  produced,  a  current  will 
flow  in  this  circuit.  An  areial  and  ground  may  therefore  be  used  as  a  capacity  and  undamped 
signals  sent  by  connecting  or  cuttins  out  this  capacity  by  means  of  a  key  as  shown*  in 
practice,  to  avoid  the  production  of  unused  oscillatory  current  during  the  time  no  signals 
are  sent,  the  key  is  placed  at  such  a  point  in  the  einniit  that  the  vacuum  tube  oscillate  only 
when  the  circmt  is  closed.  In  order  to  keep  the  wave  length  constant,  a  condenser  replaces 
the  aerial*  the  latter  being  only  coupled  to  the  oscillatory  circuit* 
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grid  circuit  of  the  detector  tube  so  as  to  increase  the  voltage 
acting  upon  the  grid.  This  results  in  an  increased  amplitude  of 
the  plate  .current  alternations,  which  likewise  being  fed  back 
into  the  grid  circuit  increases  the  voltage  operating  upon  the 
grid. 

One  form  of  the  so  called  feed  back  circuit  for  rectifying  and 
amplifying  damped  oscillations  is  shown  in  fig.  8,503. 


vv 


Fig.  8,502. — ^Practical  circuit  of  an  undamped  wave  tzansmitter.  The  aerial  is  coupled  to  the 
oscillating   drcuit. 

Fig.  8,503. — ^Typical  Armstrong  feed  back  or  "regenerative"  circuit.    The  operation  of  the 
circuit  used  as  a  receiving  device,  is  the  same  as  that  of  a  condenser  in  the  grid  lead.    The 
condenser  Cs,  is  merely  to  provide  a  path  of  low  impedance  across  the  phones  for  the  hkh 
frequency  oscillations.    The  coils  P  and  8.  constitute  the  feed  back  by  means  of  which  the 
osculations  in  the  tuned  circuit  are  reinforced.    The  mutual  inductance  between  S  and 
P,  must  be  of  the  proper  si^n  so  that  the  back  pressure  aids  the  osciflations  instead  of  op- 
posing them.    If  the  coupling  between  coils  P  and  S,  be  continuously  increased  and  toe 
valtieaof  L.S^and  C,  and  the  resistance  of  this  circuit  be  suitable  within  certain  limits, 
the  pressure  impressed  back  by  the  coil  P,  into  the  oscillators^  circuit  at  any  instant  wdl 
become  greater  than  that  required  to  just. sustain  the  oscillations,  in  the  circuit.    In  this 
case  any  oscillation,  however  small  in  the  circuit  LSC,  will  be  continuously  built  up  m  am- 

{tUtude  until  a  limit  determined  by  the  characteristics  of  the  tube.i^nd  circuit  is  reached, 
n  other  words,  the  tube  self-generates  ax.  of  a  frequency  determined  by  the  natural  £»• 
quency  of  the  oadllatory  circuit,  permitting  the  reception  of  undamped  waves  by  the  beit 
method. 

Codes. — ^There  were  formerly  two  codes  used  by  commercial 
companies:  the  Morse  code  and  the  Continental  code.  The 
former  is  seldom  used  today  and  the  latter  has  been  made 
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xmiversal  and  called  by  the  radio  convention  the  International 
Morse.  It  is  sometimes  called  the  Continental  Morse.  This 
International  Morse  code  differs  from  the  American  Morse;  the 
Naval  code  was  used  oflScially  by  the  U.  S.  Navy  till  Nov.  16, 
1912. 

Whatever  be  the  speed  at  which  signals  are  sent,  the  following  rules 
must  be  remembered  and  strictly  adhered  to: 
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Pig.  8,504. — ^Diagram  showing  Inductively  couplod  receiving  tuner  and  connections.  A 
variable  condenser  is  connected  in  series  with  the  detector  and  secondary  coil  and  another 
variable  condenser  connected  in  parallel  with  this  receiving  circuit.  The  primary  binding 
posts  marked  P,P,  are  connected  to  the  upper  posts  of  the  switch  which  are  marked  the 
same.  A  variable  capacity  is,  however,  connected  in  shunt  around  the  secondary  induct- 
ance. This  gives  most  accurate  tuning  by  establishing  absolute  syntony  or  resonance. 
Capacity  and  inductance  are  directly  opposite  in  their  enects  upon  either  a  sending  or  re- 
ceiving circuit  when  the  capacity  and  mductance  are  connected  in  parallel.  If  the  value 
of  one  be  decreased,  the  value  of  the  other  is  increased  because  the  oscillating  pressure  does 
not  always  keep  in  step  with  the  current.  Where  there  is  too  much  inductance  in  the  cir- 
cuit, the  current  will  lag  behind  the  voltage,  aiul  where  there  is  too  much  capacity,  the  pres- 
sure will  lag  behind  the  impulses  of  the  current.  Perfect  xesonanoe  in  receiving  is  therefore 
accomplished  by  varying  both  the  inductance  and  the  capacity. 


1.  A  dash  is  equal  in  length  to  three  dots. 

2.  A  space  between  two  elements  in  a  letter  is  equal  in  length  to  one  dot. 

3.  The  space  between  letters  in  a  word  is  equal  in  length  to  a  dash. 

4.  The  space  between  words  in  a  sentence  is  equal  in  length  to  five  dots. 


Radio  Telephony. — Various  experiments  have  been  made 
from  time  to  time  to  make  wireless  telephony  a  practical  success, 
and  for  distances  up  to  several  thousand  miles  it  has  been  sue- 
cessful. 

In  many  respects  the  wireless  telephone  resembles  the  wire- 
less telegraph,  but  the  actual  operation  is  quite  different. 

With  wireless  telegraphy  the  key  is  depressed  and  n  cycle  of  trans- 


per  win.    Whete  two  are  used  they  are  connected  in  parallel  and  their  cseei  held  by  a 

formation  produced  whereby  a  wave  motion  is  set  up  in  the  ether,  but 
this  wave  motion  is  inadequate  for  wireless  telephone  transmission  owing 
to  its  periodic  damping  character.  The  human  voice,  or  sound  waves 
produced  thereby,  ran^e  from  5,000  to  10,000  variations  a  second,  and 
it  it  be  attempted  to  mipress  these  on  a  damped  oscillation  wave,  the 
periodic  character  would  destroy  all  characteristics  of  speech. 

Hence,  it  is  necessary  to  produce  a  sine  wave,  or  one  that  will  remain 
constant  and  imdamped,  for  wireless  telephony,  on  which  the  voice  cao 
be  impressed ,  the  break  being  sufficiently  rapid  to  keep  synchronous  with 
the  vibrations  of  the  human  voice. 

Three  practical  methods  have  been  used  for  wireless  telephony 
by  the  use  of: 
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'1.''  Arcs  •'■'■ 

•  % 

Obsolete. 


%' 


2.  High  frequency  alternation 

Extensively  used,  being  the  most  practical  and  adopted  for  almost 
all  new  jpowerf ul  ^tions. 

3.  Vacutun  tubes 

The  speech  is  generally  impressed  upon  the  grid  and  the  variations 
of  pressure  cause  the  plate  current  to  vary  accordingly,  reproducing 
the  variations  of  the  speech  in  the  earner  wave.  A  simple  radio 
telephone  using  one  vacuum  tube  is  shown  in  fig.  8,507. 
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Fig.  8,507 — .Simple  tadio  telephone  using  one  vacuum  tube.  R,  carbon,  variable  lesistanoe 
of  about  20,000  ohms;  T,  transformer;  CK,  choke  coil;  D«  source  of  nigh  pressure  direct 
current.  The  tube  is  used  as  an  oscillator  and  the  variations  of  current  caused  by  the  voice 
in  the  microphone  circuit  are  applied  on  the  grid  through  a  transformer  amplifying  the 
variations  of  pressure.  In  operation,  the  pressure  of  the  grid  being  varied,  causes  the 
plate  current  to  vary  accordingly,  thus  producing  phone  variations  m  the  amplitude  of 
the  oscillations  produced  and  xadiated  by  the  aerial. 
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Radio  Direction  Finder. — The  operation  of  this  instrum^it 
is  based  on  the  fact  that  when  a  closed  circuit  is  used  as  an  aerial. 
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Figs.  8,508  and  8,509. — Diagrams  showing  receiving  and  tiaxismitting  wireless  tel^bcmik 
stations.  The  dynamo  suvplies  direct  current  to  the  transmitting  arc  which  produces  hifl^ 
frequency  oscillations  in  the  transformer.  A  telephone  transmitter  and  hot  wire  amnuster 
ar«  connected  between  the  ground  and  the  transformer  secondary, c<»l.  By  talking  into 
the  tel^bone  transmitter  und&mped  oscillating  waves  are  transmitted  and  recorded  in 
the  audion  receiver.  By  placing  the  telephone  receiver  to  the  ear  the  wninds  produced  in 
the  telephone  transmitter  can  be  heard. 
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Pigs.  8,510  and  8,511. — Radio  direction  finder  and  plan  showing  operation.  In  6r.  8,511 
the  loops  at  position  A,  receive  maximum  energy  for  minimtmi  lines  of  force  to  pass  through, 
while  at  position  B.  no  current  is  induced,  since  no  lines  of  force  can  pass  throui^. 
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the  intensity  of  signals  is  at  a  maximum  iiA«m  the  transmitter  is 
placed  in  the  flan«  of  the  coil  used  as  an  antenna. 

Evidently,  then,  if  an  aerial  of  the  shape  shown  in  fig.  8,510 
be  moimted  on  a  revolving  frame,  it  is  easy  to  find  the  position 
of  a  transmitting  station  by  turning  the  loop  aerial  on  its  axis 
and  noting  the  point  at  which  the  intensity  of  the  received 


tlirousti  the  wheeli. 

instance,  iriiea  a  ship  sends  a.  message,  each  of  the  compass  staticms 
takeabearingandEendit  by  radio  to  the  ship.  Itisthea  possible  to  detei- 
nune  the  exact  location  of  the  ^p  by  drawing  two  lines  op  the  map. 

Gen.  Squier's  "Wired  Wireless." — C5en.  Squier  of  the 
U.  S.  army  some  years  ago  gave  to  the  public  a  system  of  "wired 
wireless"  which  he  had  developed  whereby  it  is  possible  to  tele- 
graph or  telephone  on  a  single  wire  for  any  distance. 
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The  wire  is  like  a  single  wire  aerial  connected  to  a  high  frequency 
generator.  Since  high  frequency  current  travels  on  the  surface  of  a  wire 
there  is  practically  no  resistance  to  the  circuit  and  telephone  conversa- 
tion may  be  carried  on  over  an  unlimited  distance  providing  a  single  wire 
connect  the  two  stations. 

It  is  also  possible  to  use  a  bare  wire  instead  of  a  highly  insulated  cable 
through  the  water,  using  different  wave  lengths,  several  conversations  may 
be  transmitted  on  the  same  wire  without  interference. 

Although  this  has  been  developed  into  a  duplex  telephone  system,  it 
is  hardly  adaptable  to  the  commercial  telephone  system  of  to-day  and 
so  has  not  been  used  by  the  public.  It  offers  a  field  for  new  inventions 
and  improvements  in  the  electrical  industry. 

Pictures  and  Writing  by  Radio. — ^A  picture  to  be  sent  by 
radio  is  first  photographed  through  a  screen,  and  covered  With 
an  insulating  film  which  fills  only  the  space  between  each  little 
dot  of  the  halftone  reproduction.  This  reproduction  is  then 
fixed  on  a  drum  revolving  slowly  and  in  synchronism  with  a 
similar  one  at  the  receiving  station. 

A  sharp  pointer  in  contact  with  the  reproduction  moves  slowly  along  the 
drum  while  it  revolves  as  shown  in  figs.  8,513  to  8,516,  thus  covering  the 
whole  surface  of  the  photograph  and  clo^ng  the  circuit  pf  the  transmitter 
when  the  stylias  comes  in  contact  with  a  spot  which  is  not  insulated.  At  the 
receiving  station  the  same  apparatus  is  used ,  but  a  pencil  is  fixed  on  the  arm 
nooving  along  the  drum  which  is  there  covered  with  a  white  paper.  Evi- 
dently for  each  dot  received,  the  pencil  makes  a  dot  on  the  white  paper, 
thus  reproducing  the  picture. 
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CHAPTER  140 

Motion  Pictures 

The  property  of  vision  upon  which  moving  picture  projection 
is  based  is  called  the  persistence  of  vision,  or  "optical  inertia." 
It  is  that  property  of  the  eye  by  which  vision  remains  or  jjcr- 
sists  for  a  short  interval  after  the  thing  viewed  has  vanished. 

Owing  to  the  persistance  of  vision,  when  two  views  are  seen  with  an 
interval  of  not  more  than  one  fiftieth  of  a  second  between  the  two,  the 
eye  blends  the  two  and  accordingly  does  not  appreciate  the  interval  of 
darkness  which  has  occurred  between  the  two,  as  is  demonstrated  in 
moving  picture  projection. 

Motion  Picture  Machines. — ^The  term  motion  picture  ma- 
chine is  the  proper  name  of  the  apparatus  used  in  projecting 
motion  picture  film  upon  a  screen;  the  use  of  such  expressions 
as  projector,  graphoscope,  etc.,  should  be  avoided. 

The  function  of  a  moving  picture  machine,  as  stated,  is  to  project 
motion  pictures  upon  a  screen,  m  distinction  from  a  motion  picture  camera 
used  for  motion  picture  photography.  Some  of  the  "coined  expressions" 
are  both  iU  advisedly  and  erroneously  used. 

A  motion  picttire  machine  may  be  said  to  consist  of: 
1.  An  optical  S3rstem,  comprising 

a.  Source  of  light; 

[oondenaer; 
(objective. 


b.  Lens  {f~d««^i 


I 


2.  Intermittent  film  feed  S3rstem,  compnsmg 


?n.  8Jit7. — ElemaituT  moving  pictura  machine  without  cue.  ■howing  a 
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a.  Upper  reel;  g.  Shutter; 

h.  Upper  steady  feed  sprocket;  h.  Lower  steady  feed  sprocket; 

c.  Steady  drum;  ♦.  Lower  reel; 

d.  Film  gate;  j.  Lower  reel  drive; 

e.  Intermittent  sprocket;  k.  Operative  crank  and  drive; 
/.   Intermittent  movement;  /.    Numeroias  presser  rollers. 

Besides  these  various  essential  parts,  safety  devices  such  as,  fire  shutter ^ 
fire  valves,  film  shields,  etc.,  are  provided. 

The  elementary  moving  picture  machine  shown  in  fig.  8,517  is  so  drawn 
that  every  part  can  be  seen;  it  does  not  represent  any  particular  machine 
but  is  intended  to  give  a  clear  idea  of  how  the  film  is  fed  across  the  film 
gate  intermittently  and  the  synchronous  operation  of  the  shutter  whereby 
the  light  is  cut  off  from  the  screen  during  each  movement  of  the  fihn,  with 
alternate  "on"  intervals  while  the  film  is  at  rest. 

In  operation  (fig.  8,617),  by  turning  the  operating  crank  A,  counter 
clockwise,  the  main  shaft  B,  is  driven  through  the  4  to  1  reduction  chain 
drive  D,  a  steady  turning  motion  being  caused  by  the  fly  wheel  C,  this 
in  turn  operates  the  upper  steady  feed  sprocket  E,  through  the  4  to  1 
reduction  gear  F,  thus  the  teeth  of  E,  sprocket  whidi  mesh  with  the  per- 
forations in  the  film,  feed  the  film  at  a  constant  rate,  the  film  being  field 
against  E,  by  pressure  roller  G.    A  film  loop  or  length  of  loose  film  is  thus 
maintained  between  E,  and  the  steady  drum  H.    The  film  is  fed  past  the 
film  gate  intermittently  by  the  intermittent  sprocket  I,  operated  by  the 
Geneva  movement  K,  the  latter  producing  a  quick  quarter  ttim  of  I, 
followed  by  a  relativelv  long  rest  during  which  the  mam  shaft  B,  makes 
one  revolution.    The  Darrel  shutter  L,  by  a  2  to  1  gear  with  the  main 
shaft  and  proper  timing,  operates  to  cut  off  the  light  ra)rs  from  the  screen 
during  eadi  movement  of  the  intermittent  sprocket  I,  and  to  admit  the 
light  during  the  intervals  that  I,  remains  stationary.    The  syndironotis 
operation  of  the  intermittent  sprocket  and  the  shutter  is  very  clearly 
shown  in  the  diagram.    A  lower  steady  feed  sprocket  M,  which  operates 
at  the  same  speed  as  the  upper  sprocket  E,  maintains  a  lower  feed  film 
loop  N,  and  feeds  the  film  to  the  lower  reel  O.    Because  of  the  increasing 
diameter  of  the  roll  of  film  due  to  winding  the  film  on  reel  O,  the  velocity 
of  rotation  of  O,  must  be  allowed  to  vary;  this  is  accomplished  by  means 
of  the  belt  drive  P,  the  belt  permitting  slippage  below  the  maximum 
speed.     //  should  be  carefuUy  noted  that  the  total  revolutions  made  by 
each  of  the  three  sprockets  E,  I,  and  M,  is  the  same,  the  only  difference 
being  that  the  motion  of  E,  and  M,  is  constant  while  that  of  I,  is  tntermittent. 

The  object  of  the  upper  and  lower  feed  loops  is  to  lessen  the  inertia  of 
the  film  by  reducing  the  length  of  film  subject  to  the  sudden  intermittent 
motion. 

The  film  gate  guides  the  film  so  as  to  prevent  any  lateral  motion. 

The  Intermittent  Movement. — ^Various  devices  have  been 
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introduced  for  producing  the  intermittent  movement  necessary 
in  projecting  motion  pictures. 

1  intermittent  sproclcet  and 

The  sprocket  is  a  cylinder  with  teeth' at  each  end,  or  for  very  light  con- 
atmction,  it  may  consist  of  two  hubs  provided  with  teeth  and  property 
^>ac«d  on  a  shaft  to  take  the  film.  The  teeth  mesh  with  perfocaticnis  at 
the  film  and  thus  Eecure  a  positive  movement. 


Pics.  8,S18  to  8,523,— Operation  of  Genev»  tnovement  shown  prectBtfiv^.    It  «aiul>ta  of 

B  malCeu  cross  M.  amis  disc  S.  provided  with  a  pin  P.  and drcukr  (uide  G.   Inop*rallon, 

cross  M  and  carries  it  along  with  it.  thuscauiiog  one-quarter  revolution.  The  circular  sulda 
G.  is  cut  awiiy  sufEciently  to  allow  the  cross  to  malte  a  quarter  revolution,  but  iriwn  it  ™is* 
tets  with  the  cross  it  holds  ttle  latter  Becurel/  unlU  the  pin  rotates  around  to  the  next  dot. 


Illumination  for  Picture  Projection. — Both  gas  and  elec- 
tricity are  used  to  produce  illumination  for  motion  picttue  pro- 
jection. 

The  electric  arc  ia  universally  employed  wherever  electric  current  is 
available,  but  is  many  rural  districts  where  electricity  cannot  be  obt^ned, 
gas  is  used  and  gives  satisfactory  results. 

The  Electric  Arc. — The  only  modification  of  the  ordinary  arc 
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s.8^24uidS,G2S.— Smplcxmotionpletunmaehiiw;  Pig.  8,6Mibow*t]iai4(Mddo  with 
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film  ovtr  lc™er  f«d  sprocket  (fig.  8,538):  inwr 
lownnel.thus  completing  the  operatioa  [flg.S, 
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A.b'.D.E.i---.  — - 
m«hani<m.  the  frami 
distribution  of  pietun 


The  pic  tun  C,  has  {oiirliol«  at  the  Bide.  ju:t  a 
that  film  is  piisfd  thraugh  the  film  sate 
rill  be  prewrved,  beeauM  jnechnnically  the  fi 
d  of  sprocket  holes  as  though  no  aplice  bad 


Pic.  8,M1.— Splic< 
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ndow  the  lemaining  three-qu»rtprs 
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required  to  adapt  it  for  use  in  the  optical  lantern  is  to  make  ii 
as  much  one  sided  as  possible,  that  is  to  say,  to  so  arrange  it  that 
as  much  of  the  light  as  possible  will  be  thrown  toward  the  condensers. 

Either  d,c,  or  ax,  may  be  used  for  the  arc.  For  d,c,,  the  positive  pole  is 
connected  to  the  upper  carbon  of  the  lamp  and  the  n^;ative  pole  to  the 
lower  carbon. 


POSITIVE 
CARBON 


ADVANCE 
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HESATIVE 
tARBON 


NEGATIVE 
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Pig.  8.M2. — Motion  picture  arc  for  direct  current.  Th€  advance  diapUtemtn^nt,  aa^  one- 
eighth  inch,  causes  the  upper  carbon  to  bum  with  a  diagonal  end  containing  the  brilliant 
crater  and  the  light  is  accordingly  thrown  toward  the  condenser. 

Pig.  8,543 .—Stereopticon  arc  for  direct  current.  ThU  Mmtting  does  not  give  as  brilliant  an 
arc  as  fig.  8 .542 ,  when  a  long  arc  is  used,  but  for  a  short  arc  the  carbons  become  so  near  that 
an  arc  of  more  brilliancy  than  fig.  8,542  is  obtained. 


ANGULAR  sernNc? 


TlUTtD  5TRAI6HT 
SETTING 
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Pig.  8.544. — ^Arc  setting  for  a.c.  arc  with  cored  carbons. 
Pig.  8,545. — Tilted  straight  setting  for  a.c,  arc  carbons. 

To  adjust  carbons  for  d,c,  motion  picture  arc,  they  are  placed  end  to  end 
in  a  straight  line  except  that  the  axis  of  the  lower  one  is  sh^htly  in  advance 
of  that  of  the  upper  one  as  in  fig.  8,542.  To  bring  the  maximum  light  upon 
the  condensers  the  carbon  must  be  inclined  about  25^. 

A  difficulty  with  a.c,  arcs  is  that  two  craters  are  formed  and  if  the  light 
from  both  is  to  be  used,  a  very  careful  setting  and  adjustment  is  necessary 


MOTION  PICTURES  913  -  4^3 


'S  vith  the  amount  of 


Pk.  S  JS40. — Tbe  aiQ  contidkr  of  device  i 

ui  an-  lunn.  with  tho  object  of  tniinti. , r .. 

le  contnllet  proper,  direct  coupled  to  ■  fractional  horse  power  motor.    Tboa 


■re  two  ihttu,  pcmuiy  and  lecandaiy.    Tht  fonotr,  wnich  u  diraa  co^ed 
camel  Bovenior  parU,  and  totatei  comtantly  at  the  motor  iper'      '^- 
which  tb«  telMCOpg  lod  ia  seared,  Kmains  idle  untd  tha  nted  of  tl 
tna  point  at  adjuatmant.    Tb«  Bdjuatment  tor  any  pivferable  liae  el 
adjuatiikg  nut  upon  a  lod  pro;ectmg  ixotn  tha  cover  of  tha  contioQar. 


Auxiliary  ApparatuB. — ^Various  devices  are  necessary  for  the 
proper  and  safe  control  of  the  electric  arc  used  in  motion  picture 
projection. 

Each  initallfttion  win  n 
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Film. — ^This  is  made  of  celluloid,  being  similar  to  the  film 
used  in  ordinary  cameras,  excepting  that  it  comes  in  long  strips, 
one  thousand  or  more  feet  in  length. 

The  size  of  each  picture  on  the  film  is  ^/(i  inch  high  by  ^  inch  wide. 
The  film  is  1^  inch  wide  which  leaves  a  mai^in  on  each  side  d  the  xnctures 
for  the  holes  which  mesh  with  the  sprocket  teeth.  These  holes  are  abcmt 
^  inch  apart .  At  present  there  is  no  standard  as  to  the  spacing  of  the  holes, 
but  as  in  other  lines«  the  makers  will  sooner  or  later  adopt  a  standard. 


Pig.  8*547. — Diagram  of  motion  picture  camera  showing  the  essential  parts.  Cameras  ase 
built  for  vanous  numbers  of  picture  per  turn  of  the  crank;  four,  six,  and  eight  are  common. 
An  eight  picture  camera  should  be  run  at  a  speed  of  almost  one  hundred  turns  per  minute. 

.  To  operate  at  this  speed,  get  a  watch  ticking  800  ticks  per  minute  and  learn  to  count  one, 
two,  three;  one,  two,  three,  etc..  just  as  fast  as  the  watch  ticks,  turning  the  crank  one 
revolution  for  every  one,  two,  three  cotmted;  that  is  to  say,  one  revolution  per  every  three 
ticks  of  the  watch. 

The  film  is  treated  with  glycerine  to  keep  it  pliable,  and  delay  drying  out. 
Because  of  its  inflammable  character  film  must  always  be  kept  in  fire  proof 
efichsur^s.  Film  is  repaired  usually  by  cutting  out  the  defective  part  and 
splicing  the  ends  together. 

Cameras. — ^Apparatus  for  taking  motion  pictures  differs  in 
many  ways  from  ordinary  cameras.  Fig.  8,547  is  a  diagram 
showing  the  essential  parts  of  a  motion  picture  camera. 
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There  are  three  compartments:  1,  a  front  compartment  U,  containing 
a  rotating  shutter  N,  pm  mechanism  OP,  and  other  parts  not  t^own;  2^ 
a  compartment  V,  containing  the  iihn  mechanism  and  magazines,  and  3,  a 
compartment  on  the  opposite  side  containing  mechanism  communicating 
with  the  spools  in  the  magazines,  with  the  sprocket  wheels,  and  the  x>oints 
in  the  first  compartment. 

The  two  magazines  A,B,  consisting  of  light  boxes,  fit  into  the  back 
portion,  and  carry  reels,  W,X,  oa  which  the  Qn^is  wound. 

In  operation,  the  roll  of  tinexposed  film  L,  which  passes  out  of  a  small 
aperture  H^  at  the  comer  of  the  top  magazine  A,  around  guide  rollers  C^ 
D,  engages  by  its  perforations  with  the  sprocket  wheel  F,  to  which  it  is 
kept  by  the  roller  E.  The  film  forms  a  loop  at  H?  and  passes  downward 
through  the  guide  grooves  made  in  the  gatfe  G. 

Continuinc;,  it  passes  out  past  the  bottom  of  the  gate,  forming  a  second 
loop  H',  and  then  passes  between  a  spring  roller  I,  and  sprocket  J,  under 
the  guide  roller  K,  and  enters  at  H^  the  lower  magazine  B,  when  it  is  wotmd 
up  on  the  bobbin  X. 

The  sprocket  wheels  rotate  continuously  drawing  the  film  from  the  supply 
at  L,  and  taking  it  up  at  M. 

The  motion  of  the  film  in  the  gate  G,  however,  is  intermittent.  During 
the  period  of  rest^  a  surplus  loop  of  film  forms  at  H^,  which  is  then  pulled 
down  through  the  gate  by  the  action  of  the  pin  O,  engaging  with  the  per* 
forations. 

The  whole  mechanism  is  so  arranged  and  geared  together  that,  while 
the  film  is  being  shifted,  the  light  is  excludeafrom  the  lens,  and  admitted 
during  the  stationary  periods. 

A  long  tube  V,  extends  through  the  center  of  the  camera,  and  is  proyide4 ' 
with  a  detachable  cap  at  S.    This  tube  forms  the  sight  hole  for  inspecting 
the  image  on  the  film,  prior  to  exposure. 

The  gate  G,  is  a  kind  of  hinged  door  with  an  aperature  in  it,  and  its 
function  is  to  keep  the  film  flat  and  vertical  during  exposure  and  also  to 
act  as  a  channel  or  guide. 

After  taking  u  subject,  the  operator  presses  a  button,  and  in  so  doing 
punches  a  hole  in  the  film  at  a  point  just  above  the  gate,  thus  indicating 
the  end  of  the  subject  and  beginning  of  the  next  subject. 
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HEATING 


CHAPTER    141 

Heating 

Production  of  the  Heat. — ^For  domestic  and  some  inaustrial 
purposes,  heat  is  produced  by  electricity  by  forcing  it  through 
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FtOB,  8«648  to  8.658. — ^Various  types  of  electric  heating  unit. 

resistance  wires,   raising  the  temperature  of  the  latter,   and 
applying  the  heat  thus  generated  to  the  articles  to  be  heated. 


Heating  Units. — ^The  term  heating  unit  is  given  to  that 
portion  of  a  cooker  or  heater  which  gives  out  the  heat  for  warming 
an  oven  or  hot  plate  or  for  riaising  the  temperature  of  a  room. 

It  consists  of  some  material  which  is  more  or  less  a  bad  conductor  of 
electoicity,  and  when  current  is  taken  thnmgh  it,  by  making  it  form  a 
portion  of  an  electrical  circuit,  it  becomes  hot  owing  to  the  resistance  it 
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lo.  8,550."— Ammgement  of  internal  dfcuit  for  heaters  ^ving  three  heating  values.  ,  In 
the  diagram  A,  represent;  on^  third  of  the  heating  circuit:  B&,  two  thixxls.  With  twitch 
S,  on,  one-third  of  full  heat  is  given;  with  S\  two>thtrds,  while  with  both  S,  and  Sf  on,  the 
heater  works  with  full  power.  At  T,  axe  two  tenninala  to  which  the  ends  of  the  flesib  e  oord 
from  the  plug  are  secured. 
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Pig.  8,560.-"-C-H  "space**  heater  unit.  The  resistance  material  is  insulated  in  sheets  of  mica 
and  endosed  in  a  protecting  sheath  of  steel.  The  heater  is  flat  like  an  ordinary  ruler,  it  ssise 
being;  IH  XVti  X«4  ins.  When  mounting  fat  frames,  the  heaters  are  Spaced  IH  ins-  apart 
suffiaently  to  allow  a  free  circulation  of  air.  On  440  volt  dicoit  ths  units  an  connected 
up  in  pain  ia  series,  as  many  pairs  being  used  aa  are  required. 


Pig.  8,561. — Arrangement  of  internal  circuits  for  heaters  in  which  each  resistanoe  section  is 
oontrolkd  by  a  separate  switch. 

Fig.  8,562. — ^Internal  connections  of  a  cooker.  T.  terminals:  PS,  parallel  or  series  switch; 
S,  ordinary  switch;  S',  two  pin  aocket  for  plug  connection;  R  Jl',  resistance  sections.  Cur- 
rent is  turned  on  or  on  from  R.  R'  at  S,  while  PS,  puts  R  and  R'  either  in  parallel  or  series. 
S'.  allows  of  the  attachment  of  an  auxiliary  heater.  This  arrangement  is  applicable  to 
other  types  <^  heater,  and  S',  would  then  generally  be  omitted. 

Fig.  8,563. — ^Arrangement  of  two  circuit  heater  with  pilot  lamp  L.  When  either  switeh  ia 
nut  on,  L  lights  up.  The  top  switch  controls  ona-tliird  of  the  heater  resistonce,  and  the 
bottom  switch  two-thirds. 
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classified  as: 

1.  Exposed  coil*  of  wi 
lAtiag  mateiial; 

2.  Wire  or  ribbon  in 
the  form  of  coil  or  flat 
layer  embedded  in  en- 
amel, asbestos,  nuca, 
or  oUier  insulators: 

The  following  are  the 
principal  heatmg  de- 
menti used: 

Th*  Eclipte  eU- 
mtnt  consists  of  high 

crimped  to  nve  greater 
length    ana    free    air 


TAe  Calor  element  has  a '^ 

of  fireclay  with  grooves  into  vb  :. 
spirals  of  fins  high  resistaiicGir; 

are  placed. 

The  Phoenix  elemettt  t:; 
spiral  wire  coils  held  li^tlv  r 
Ehart  intervals  by  pmiWaniifc-. 
ators  mounted  ona  suitable  test 

The  hot  point  eUmem  -j 
made  up  of  nichrome  wire  or  rS 
boD,  wound  lightly  around  l^ 
strips  of  mica,  then  further  cct 
ered  with  a  thin  mica  coroxi 
and  inserted  very  t^tly  S^ 
grooves  or  slots  made  inttait 
plate  or  iron  base  to  receive  ui 
finished  strips. 


The  Belting  element  consists 
of  a.  fire  clay  strip  with  spirals  of 
nichfome  wire  stretched  across 
the  vridth  o£  the  base,  notches 
bein^  provided  in  the  base  for 
receiving  the  ends  of  the  spiral 
and  holdSng  them  tightly  in  posi- 
:    tion  in  the  manner  shown. 

The  Jackton  element  has  a. 
differeat  class  of  fire  clay  base 
'  with  quite  a  smooth  surface,  the 
section  of  the  strips  being  a.  fiat 
oval  wire  or  ribbcai  of  itichrome, 
is  wound  tightly  over  the  strip 
in  one  continuous  length  and 
damped  between  heavy  terminals 
at  each  end; 

The  Tricitu  elements  con- 
sists of  nichromo  ribbon  msund 
over  thin  mica  and  clamped  be 
tween  thin  sheets  of  mica  and 
.  metal.  The  method  of  winding 
provides  for  uniform  distribution, 
of  heat  at  any  loading. 

The  Battian  or  Quartzalite 
element  consists  of  a  spiral  of 
nichrome  wire  or  ribbon  coated 
with  a  film  of  oxide  insulation. 
The  spiral  is  held  in  or  on  a  tube 
of  quaitz.  The  turns  of  the 
Epir^  may  be  close  together  with- 
out fear  of  short  circuit.  This 
gives  it  a  "hot  rod"  appearance. 
NOTE— Colfw  ami  Cocoa  Drstrt,~ 
HiecoSeeand  cocoa  trade  has  applied  elec- 
TTC  heat  to  its  £mal1  desiccating  or  diyina 
..k™....    AdryEr3!^ft. by  6tt. requiring 


of   ISO    ate 

....      .pereu.f 

jscketted.       The  beans 

bustkin,  henoo  the  adva 
heat.    Por  drying  Idlls,  1 


NOTE-^oUerfno  and  branding 


Temperature  R^ula_- 
tim.  —  Many  appliances 
have  only  one  internal  cir- 
cuit so  that  only  one  heating 
value  can  be  obtained. 

There  are,  bowever,  a  great 
number  which  have  their  resist- 
ances divided  into  two  or  more 
parts,  which  can  be  connected 
in  different  ways,  so  that  several 
beating  values  can  be  obtained. 

PiU.  8JI67. — Hagoi  elsctilc  fnnuee  tor  b«t  tnktdng  amtll  itecl  praducti.    It  «n  aiio  ba 
uifid  BM  a  carboDUJng  fumMfl.    Hw  loc*ktion  of  the  jttistuice  uoit*  is  Bhown  in  the  di^s^ttn- 


S.SeS  to  8,670.— Intermd  dreuits  of  heater.    At  •IkoB 

!t  Kicksti.  Bud 

me  pio»  in  three  dif- 
cnly  of  the  healer  a 
-i70,  an  section*  an 
>E  the  flexible  cord. 


din  fig.  B 


the  other  terminating  in  a  plug  connection  or  switch  plug  on  the  wall, 
a  three  or  four  hole  eodcet  is  made  to  fit  a  corresponding  number  oE  pua  m  mm  vwum 
only,  and  is  connected  through  a  triple  or  quadruple  flexible  conl  to  a  two  oi  three  way 
irwitch  sdjaceat.    The  varioui  degreet  of  buit  an  then  obtained  by  alteiinv  the  potition 
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Room  Heating. — Only  in  a  comparatively  few  instances  is 
electricity  employed  to  advantage  in  the  heating  of  rooms,  euch 


Jf\. 


a  taboratory  operations  for  w] 


■traction  ii  mch  that  the  belt  i 


rtr  SO  i^Acedir 


__. .  Q  the  h«at«r  fijia  throush  without  intury 

at  110  volti  on  hish.  and  i  ampem  on  low.    

--    -^  It  tube*.  .The 


itial  portion  of  th :  healer. 

—  , ng  the  object  to  be  heated, 

that  they  an  heated  on  the  lidw 

...    -      -  ijg^  ipilleil 

_,  — a.  6 A  anuiemB 

..  .^ In  tha  bMterlmm 

■,  la  (f  (pccial  form  for  the  np- 


and  bottom  by  direct  radi 

"--  '--Iter  fall-  ■"■— 

onhiet 

,,  — holdTn- , , 

port  of  round  bottom  flaala  and  ev^nnting  duhta,  and  i*  placed  m  the  top  d  tlia 

toBetherwiththsdBVitaahomiinSs.S.aTl.  Beaken  and  other  flat  bottom  apputu*  an 
heated  la  a  aimilar  DUimer,  uiina  the  flat  gauae  C.  The  nidmmie  triangla  D,  maerted 
In  the  top  el  tha  beater,  tupporta  cniciblea  in  poatioa  to  receive  the  nxxt  intenae  heat. 
For  redaction  cxpetimenti  attachment  K,  to  placed  over  the  beater,  redoctian  tube  allowed 
to  reat  in  Uib  aloti,  and  tbe  aebeatoa  plate  placed  orec  the  top.  Copper  node  ia  tine 
nadilrndaeedbybydnBEB.  By  pladna  attachment  F,  over  the  flaak,  ehoim  in  flg.  8,171, 
tbe  heat  ii  conierved  >0  that  tli    * r,..^ .___t. .   ... 
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flhoviiifl  Beat  and  ploor 
incut  u  heitsr.  At  ths 
Montreal  meetios  ot  tbe 
Aiacricui  Sticct  RaHtnty 
AsaociAtion  lome  Tean 
Hso,  Mr.  J.  P.  McBbor 
nad  ui  eihaiative  «par 
on  tha  nibject  of  car  lift- 
ing, Crom  which  tha  tol- 

octfca  it  ii  toatid  Oat 

I.  (pir  kr.)  mn 

'^MtanlStoIO 

. uther.WIwa 

tha  outside  tetopentura  ia 

•""■  "  "t.,  only  1S,000 

reqnired.  ate.. 

elntrio  b 


Tnpraetic 
mJOOOBJ 


'  Pshr., 


Bws  earned.  Tho  avenuEe  peoon  is  capable  of  aivi' 
which  a  equal  to  191  B.I.B.Tlii  is  ovSinlly  aner 
•>"' *,'"4'  «0  h«t  units  par  hdur,  and  t«ts  by  tha 
mutely  lheEaniel4I3)fotaperson  at  nat.andsbouttvi 


1.  the  amouQt  oE  artificiBl 
heat  which  is  given  ta  it; 

2.  the  number  of  passan- 
Lt  an  amouTit  of  heat  in  Si  hona 
<i  Kent  says  that  a  person  givaa 
au  of  Standards  show  apnon- 
hat  for  a  man  at  haid  labor  (S3S). 


r,  radiation  Iosks 


practice  being  confined  chiefly  to  intermittent  auxiliary  service 
3n  offices  and  dwellings,  ticket  booths,  etc. 

The  electric  energy  required  to  heat  an  ordinary  sized  rocsn  when  the 
outside  air  is  near  the  freezing  point  ranges  from  about  1  to  2  watts  per 
cu.  ft. 


K™' 


control  adjustable  for  ta 
^_rK«t»tconn»t«of  abarof _ 

tipped  vith  platinum  and  a  bar  of  (piios  metal  tbiouEh 
vivi.  pUtinum;  theie  tvo  pointi  coming  tosether  make 
:  of  current  ia  occompliahed  by  the  bar  of  ^lermoatatio 


thenb7  bnaldng  the . 

cpatttct.    A  condcDser  ii  provided 


heated,  expandB  and  cuTVea  downward  (the  upper  bar  being  atationaiy), 


Tbe  ftdlowin;  table  shows  the  loss  of  heat  per  sq.  ft.  o£  window  and  wall 
surface,  for  one  degree  Pafar.,  difference  of  inside  and  outside  tempoatuie, 
the  lots  biiag  expressed  in  heat  units  per  hour.    , 
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LoM  of  Heat  per'Sq.  Ft.  of  Surface 


KlDdofSutf*ee 

B.  t.  u. 
per  hour 

KindofSi^ba 

AU 

68 

Window,  single  glass. . . . 

.776 

8  in.  brick  wall 

46 

Window,  double  glass. . . 

12  in.  brick  waU 

32 

Skylight,  single  glass.... 

16  in.  brick  in'sll 

26 

23 

Ceilings,  wooden  beams . 

Ordinary  wooden  wall. 

lathed  and  plastered . . 

tEUT  uTeitniuiemu 


NE«TtK(ltJiKIITU 

CnUKTIUTIIK  Htl 


us  (PHNfCTOtll 


UOfVtU 
IRTIIWlGUMIX 


Example.— What  will  be  the  loss  of  beat  per  hour  in  a  nngle  room 
wooden  structure  when  the  temperature  inside  is  maintained  at  7<r  Pahr., 


Area  of  windows  -  3  (3  X  6)  "  Biea.  ft. 

Jme.  of  walla  -  4  (10  X  10)  —  H  -364  sq.  ft. 

Area  of  floor  -  10  X  10  -  lOO. 

B.t.u.  lost  through  windows  -  (70  —  32)  X  .776  X    54  -  1,692.4 

B.t.u.  lost  through  walls        -  (70  — 32)  X  .1      X  346  -  1,314A 

B.t.u.  lost  through  floor  -  (70  —  32)  X  .083  X  100  -      315.4 

Total  loss  of  heat  per  hour -  3,222.6  BJ.it 


Wata  Heaters. — These  devices  are  made  in  a  variety  of 
form  to  suit  different  conditions.  The  various  methods  d 
heating  water  may  be  classed. 

1.     With  respect  to  capacity,  as 
.  Noa^Btoring; 


2.     With  respect  to  the  heating  element,  as 

a.  BxtemB]  element; 

b.  lauaetsed  element, 

Tlie  BO  called  "instantaneous"  is  an  example  of  the  non-stoimg  class  and 


Figs.  8JS84  and  8,688. — Mubar  electric  tfua  pot.     It  n  >pun  l . 

oadryheat.thatiaoawBto'Bused.  Fi8-S>'>B5  ilioin  detail  of  the  boitiaB  clesttot.  The 
cumnt  is  controlled  tv  o  three  heit  indicatins  switch,  msrked  FvO,  Miiiam.  Lka.  FnJl 
h«t  ia  used  only  formeltinB  the  glue.  Medium  heat  is  usjd  farmaintsininc  pnipet  workiiiB 
temperature  whan  the  Ud  is  up  and  the  glus  in  use.  When  the  lid  a  down  and  the  pot  dosed 
Lew  Heat  will  hold  the  glue  at  correct  worlang  temperaturc- 


Pic.  S. 588 .—American  eleotriavrtrming  pad.    It  e»n»Utm  or  a  flexible  heatias  eienwnt  with 


oditioa.  The  pad  ii  amnged  for  three  heats,  which  are  rcmjlal 
'  dosrawd  as  to  be  easily  operated  in  the  dark^  the  Mease  cc  tM 
Dge  6om  one  beat  to  the  Mh«r.    It  also  contains  two  ttwrnKBti 
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4^-928 

consists  of  a  „  ..  =  -, , 

the  rate  of  flow,  and  consequentljr  the  temperatiuv  being  controlled  by 


consists  of  a  heating  element  and  coil  of  pipe  through  which  water  posset, 
-        ■      •  "  "  .        .    ■  rolled  t^ 


Wiring  for  Heating  and  Cooking. — ^The  use  of  electridty 
for  such  service  in  addition  to  lighting,  neeesaitatea  the  instaUa- 
ti<m  of  suitabU  extra  outlets. 

The  proper  location  of  such  outlets  are  natters  which  should  be  attended 


L 


Pig.  S,58B.— WeRmghoiuackctrionuwe.  f a  optfwllwi,  cumnt  biiiwi  tha  owd  up  to  t: 
oBBfcd^tanperature.  After  which  the  coHring  u  canned  on  by  vtored  Mat,  rio  furtoer  cv 
not  banc  nquind.  The  itova  top  bcnnen  am  sot  provided  wlUi  Butonutic  cadnd,  b 
«i-ti  )■  ~i...pped  „th  A  thiEB  he«t  «wilch,  ■  turn  of  which  g^vtt  a  red  hot  heat. 


g  jroa.  Tba  ckmcDt  am  and  th«  ihiink  of  tlu  eap- 
'eadily  conode  or  oiddize.  Tba  haatinc  elamoit  of 
tmicB.tt  kspc  in  intinmta  contact  with  tha  com  bjr 
Ilia  prcventi  overbaatiiiff  of  the  elemftnt-  Copper  tma 
1,  K.  M.uid  HiiU'Is»«:tiv«]yindiwnetM.  Ai  ^ 
Inw  it  from  tlu  con  and  moM  of  the  tip  may  thm  be 
i  tip,  lOO  mtti;  M  tip,  200  watti;  H  tip  SW  ir&tt«:  m>da  fur 
o  aWvotti.  _A,  copper  ty;  B^  let  tc "      -'■■■" 


I.  cDUduelor  cptd;  J, 


block;  S,  protectioe  tpfing. 


'windiiiri  N,  ihuik;  O.  IeniilB;'P,'iiiiulatal 


si  BheU;  D. 
,»i  ^.  ....Li  ^  u«un;urt  uwmUy; 
L,  cbromo  mckel  ^Mtiny  element; 


llc;R.Bi 


Pioi.  g,Wl  mid  8,992.— Bninen  .{.. . ._.__-     ., 

bUTur;  lis.  8,£92,  taroa  ovcB  bunier.  All  bumen  an  of  the  ladunt  1)^°-  • 
itoi^u  win*  ARL  laid  m  do^  troovea  c<  a  moulded  poivlaia  brick  that  will  oo 
axtiatMheat.  Tha  ci»la  ara  lo  airanced  that  they  camwt  creep  up  when  hea' 
in  contact  with  tha  cooking  veastli.  Perfomtiona  an  prorided  to  allow  any 
may  be  Qiilled  on  the  burner  to  paai  throuih. 
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CHAPTER  142 

Soldering 

A  knowledge  of  soldering  and  brazing  is  useful  to  the  electri- 
cian, and  the  acqtiirement  of  proficiency  in  these  operations  will 
be  found  of  value. 

Solder. — The  word  solder  is  a  name  for  any  fusible  alloy  used 
to  unite  (liferent  metal  parts. 

In  electrical  engineering  the  solder  used  is  practically  always  an  alloy 
of  tin  and  lead.  As  the  electrical  conductivity  of  such  an  alloy  is  tisually 
about  one-seventh  that  of  copper,  the  best  joint  between  copper  conductors 
is  made  by  bringing  the  copper  surfaces  as  close  together  as  possible  and  using 
a  minimum  of  solder. 

There  are  two  general  classes  of  solder:  soft  and  hard. 

'  Soft  solder  is  composed  of  lead  and  tin.     Sometimes  other  metals  are 
added  to  lower  the  melting  point. 

Hard  solder  is  composed  of  copper  and  zinc,  or  copper,  zinc,  and  silver. 
Hard  solder  in  general  is  sometimes  erroneously  called  spelter* 

To  increase  the  fusibility  of  a  solder,  add  a  small  portion  of  bismuth. 

Soft  ^ider  melts  at. a  low  temperature. compared  to  ha^d  solder  which 
melts  at  a  red  heat.        -  — 

Stoft  Solders. — ^These  consist  chiefly  of  tin  and  lead,  although 
other  metals  are  occasionally  added  to  lower  the  melting  point. 

Those  containing  the  most  lead  are  the  cheapest  and  have  the  hq^iest 
melting  point.  According  to  the  tin  content  they  may  be  classed  as  1, 
common  or  plumber's;  2,  medium  or  fine. 
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Common  or  plumber's  solder  consists  of  one  part  of  tin  to  two  parts  of 
lead,  and  melts  at  441*  Fahr.  It  is  used  by  pltunbers  for  ordinary  work, 
and  occasionally  for  electrical  work  where  Wiped  joints  are  required,  for 
instance,  in  large  lead  covered  work.  Medium  or  fine  solder  consists  dt 
equal  |)arts  of  tin  and  lead,  or  half  and  half,  and  melts  at  370**  Fahr.  This 
s^der  is  always  used  for  soldering  joints  in  copper  conductors ,  and  for 
soldering  lead  sleeves  on  lead  covered  wires. 

Melting  Points  and  HardneM  of  Tin  Lead  Soiden 


Percentage 

Percentage 

Melting 
Temp. 
Deg.  P. 

firinell 
Hardnen 

MeUtng 
Temp. 
Deg  P. 

BrineH 
KardaeM 

Tin 

Lead 

Teit 

Tin 

Lead 

Teet 

0 

100 

618.8 

3.9 

60 

40 

368.6 

14.6 

10 

90 

677.4 

10.1 

66 

34 

356.0 

16.7 

20 

80 

532.4 

12.16 

70 

30 

365.0 

16.8 

30 

70 

491.0 

14.5 

80 

20 

388.4 

15.2 

40 

60 

446.0 

15.8 

90 

10 

419.0 

13.3 

50 

50 

401.0 

15.0 

100 

0 

466.0 

4.1 

In  the  table  which  follows  will  be  found  the  proper  solder  and 
flux  to  use  with  various  metals. 

Soft  Solders  and  Flusea  for  Various  Metals 


l 


Metal  to  be  Soldeied 


Aluminum 

Brass 

Gun  metal 

Copper ........ 

Lead 

Block  tin 

Tinned  steel 

Galvanized  steel.  - 

Pewter   i 

Iron  and  steel ... 

Gold . . 

Silver. 

Bismuth 


Flux 


Steann • 

Chloride  of  zinc,  rosin,  or 
Chloride  of  ammonia. . . . 

Tallow  or  rosin. 

Chloride  of  zinc  

Chloride  of  zinc  or  rosin 

^P^ydrochlonc  acid 

4iydrochlonc  acid   

GaUip|olioil 

Chloride  of  ammonia. . . . 

Chloride  of  zmc 

Chloride  of  zmc 

Chloride  of  zinc 


SOFT  SOLDER 


Tm 


70 
[66 
63 
160 
33 
99 
64 
58 
55 
25 
50 
67 
67 
33 


Lead 


34 

37 
40 
67 
1 
36 
42 
45 
25 
50 
33 
33 
33 


Zuic 


25 


Alu- 
mi< 
num 


Phos- 
phor 
tin 


Bis- 
muth 


50 


34 
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Hard  Solders. — ^The  various  solders  known  as  "hard"  solders 
are  used  for  joining  such  metals  as  copper,  silver  and  gold,  and 
such  alloys  as  brass,  German  silver,  gun  metal,  etc.,  which  re- 
quire a  strong  joint,  and  often  a  solder  the  color  of  which  is 
near  that  of  the  metal  to  be  joined. 

The  following  table  gives  the  various  hard  solders,  proper 
flux,  and  metals  for  which  they  are  suited. 

Hard  Solders  and  Fluxes  for  Various  Metals 


MeUl  to  be  soldered 


Brass,  soft . . . 
Brass,  hard. . . 

Copper 

Gold .,.. 

Silver 

Cast  iron 

Iron  and  steel 


Flax 


Borax 

Borax 

Borax 

Borax 

Borax 

Cuprous  oxide 
Borax 


HARD  SOLDER 


Copper 


Zinc 


22 

78 

45 

55 

50 

50 

22 

11 

20 

10 

70 

55 

45 

64 

36 

Silver 


Gold 


67 


Miscellaneous  Solders. — In  addition  to  the  solders  akeady 
given,  there  are  a  ntmiber  that  are  of  value  for  various  purposes. 

Very  Hard  Yellow  Solders. — ^The  following[  formulae  make  excellent 
hard  solders  for  all  purposes  where  a  high  meltmg  point  is  required: 

No.  1.  Copper,  58  parts;  zinc,  42  parts.  No.  2.  Sheet  brass,  85.42  parts; 
zinc,  13.58  parts.  No.  S.  Brass,  7  piarts;  zinc,  1  part.  No.  4.  Copper,  53.3 
parts;  zinc,  43.1  parts;  tin,  1.3  parts;  lead,  .3  part. 

The  hardest  solders  are  given  first.  The  following  four  have  lower 
melting  points  than  those  above,  and  are  more  suitable  where  it  is  desired 
tD  solder  brass  alone. 

No.  6.  Brass,  66.66  parts:  zinc,  33.34  parts.  No.  6.  Brass,  50  parts; 
zinc,  50  parts.  No.  7.  Brass,  12  parts;  zinc,  4  to  7  parts;  tin,  1  part.  No.  8* 
Copper,  44  parts;  zinc,  49  parts;  tin,  3.2  parts;  lead,  1.2  psats. 

Silver  Solders. — ^These  are  not,  as  mi^ht  be  inferred  from  the  naine^ 
employed  only  for  the  purpose  of  joining  silver,  but  because  of  their  great 
strength  and  resistance  are  used  for  many  other  metals.  Like  all  other 
icMen,  they  may  be  dhdded  into  the  tfio  groups:  fattd,  Md  wft.    SQvcr 
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Hard  Soldera 


JVo.  /.  Copper,  1  part;  sUver,  i  parta.  No.  1.  Copper,  1  portj  stiver, 
20  parts;  brass,  0  parts.  No.  3.  Copper,  2  parts;  stiver,  28  parts;  brass,  10 
parts. 


Pics.  8,563  to  8.G0G.— Flumber't  gRsoIine  fi 

coiKiBr  bolts.    In  con-' " —   •■' '■■ 

ia  piovided  with  valve ,_. 

to  the  bottom  of  tha  leservoir.    The  guoli 
with  wire,  luually  a  Kmp  of  small  wire  cat 

voir.    The  fuel  i*        '  

impiri^  on  the  coj 

ibUst.    The  ait 

obtained  by  blowing  ai 


iline  furnace,  adapted  to  heatias  ■oMeriaa  pola  and 
gasoline  supply  for  the  blait  pwwa  thnu^  AA,  and 
utplugl.   Tile loHBI end  of  the supplr  Bitendi nearlr 


ee  throuohca 
mventaame 


turned  •>  that  tha  flame  wiQ 


i,  but  [or  a  ihoTt  VuM,  a  bnlb  can- 


m  at  D,u  us«d  to  inenue  tha  pniiQiB.  Tlie  filHiiB  plus  b  at 
>>  valve  H .  ii  opened  and  ■ooia  of  the  goidine  allawaa  to  pfar  on 
I  back  into  the  Dottom  of  cup  K.    Admit  about  two  tabls^iaoa- 


,^  -JBof  tha  bole*  in  K. 

.  „_  . , —   ._  — le  Erom  the  end  P,  fDrming  a  blast  which 

n  mteo^  as  B.  bacomes  Iiotter.    The  streogih  of  the  Mast  b  niukted  br 
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The  foUowing  silver  solders  aie  suitable  for  cast  iron,  st«el  and  eopperi 
ffo.  1.  Silver,  10  parts;  copper,  10  parts.    Wo.  Z.  Silver,  20  parts;  cop- 
per, 30  parts;  line,  10  parts. 


Miscellaneous  Silver  Solders 

SfMer  for  ailver  plated  worki  No,  I.  Fine  silver,  2  parts;  bronze, 
1  part.    No,  Z,  Silver,  68  parts;  copper,  24  parts;  zinc,  17  parts. 

Solder  for  aflrer  chains:  No.  1.  Fine  ^ver,  74  parts;  copper,  24  parts; 
orpiment,  2  parts.  No.  Z.  Fine  nlver,  40  parts;  orpiment,  20  parts;  cop* 
per,  40  jmrts. 


a@ 


Pig.  S.SS6. — lAdJe  for  lemovjitg  lolder  finm  loldcring  pot 


Pia.S,5Q7.— Solderinevot. 


L 


Reaoldering  aiher  Bolderai  These  silver  solders  are  for  resoldering 
parts  already  soldered.  No,  1.  Silver,  3  parts;  copper,  2  parts;  zinc,  1 
part.  No.  Z.  Silver,  1  part;  brass,  1  part;  or,  silver,  7  parts;  ccpper,  3 
parts;  zinc,  2  parts. 

Readily  futlble  silver  solder  for  ordinary  works,  Sjjver,  5  parts; 
copper,  6  parts;  zinc,  2  parts.  .? 

French  solders  for  silver:  No.  I.  tor  fine  silver  work;  Pine  silver,  67 
parts;  brass,  13  parts.  No,  Z,  tor  work  792  fine:  Fine  -alver,  S3  parts; 
brass,  17  parts.  No.  3.  for  work  712  fine:  Fine  diver,  75  parts;  trass, 
25  p^ts.  No.  d,  for  work  633  line:  Fine  silver,  66  parts;  brass,  34  parts. 
No.  S,  for  work  572  fine:  Fine  silver,  65  parts;  Waes,  45  parts. 

German  Stiver  Solders. — German  ^ver  is  a  very  hard  alloy  of  cop- 

r  (50  to  60%),  nickel  (15  to  25%),  and  zinc  (15  to  20%).    A  Gennm 
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silver  contdnii^  1  to  2%  of  tungsten  is  called  flaUnoid,     These  aUoys 
have  a,  high  electrical  resistance,  platinoid  beii^  higher  than  the  other 


3  added  iimultaneouily. 


» to  8,601.— VinomjoinU.  Kg.  A,  6ut( /oint  midBbyiquflrinBthoends.tini 
dswatiMtlwothn  to  il  byTieatmg  wfih  torch;  this  i.  a  comparatively  v 
Fig.  B  btou!  Joint;  fig.  C,  coppii^lt  Joint,  the  only  di8ereiieo  betwwn  tl 
'^:Z^S.  S^'J^  S?  '  S^!?&?' f^^._*?  -  Ht  in  6g.  C,  the  latter  joint  b. 


■n  sawed  squatdy  acnts,  to  mslce  tha  ]o 
female  end  fbft.  as  shoirn  in  fig.  4.431. 
which  is  a  tap«r  boiiniod  plug,  so  that 
cup  thus  foimed  serva  to  retain  the  sol 
■hayed  or  scrapsd  bricht  and  clean  with  a 
■et  at  right  angles  to  its  stem  of  handle 
the  parti  to  preserve  them  from  the  oiidi 

endoftbopipoistaperedoafwitharaBp. 
and  "touctod"  as  bdore;  the  two  pieces  a 
ready  for  the  ioint. 


the  pipe  is  enlarged  a 
ler.  The  Internal  and 
skate  hoob .  a  small  tool 


oi  to  prepare  the 
with  a  lura  £■". 
f  an  inch.    The 


rt  shaped, Made 
"Mother- 


e  brought  together  as  ia  Eg.  4.433,  a 
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Soft  German  Silver  Soldera 
No.  3,  Copper,  4.S  parts;  zinc,  7  parts;  nickel,  1  part. 
No.  4.  Copper,  3S  part:s;  zinc,  S6.6  parts;  nickel,  8.6  parts. 
The  followii^  No.  5  fOTmulte  given  by  Kent  is  similar  to  No.  4, 
No.  5.  Copper,  38  parts;  zmc.  6i  parts;  niclKl,  8  parts. 

Hard  Gennan  Silver  Soldera 

These  solders,  sometimes  called  steel  solders,  contain  a  large  proportioa 
of  nickd  and  are  very  strong.  They  require  a  very  high  heat  for  melting, 
and  usoally  cannot  be  fused  without  the  aid  of  a  bellows  or  blast. 

No.  1.  Copper,  35  parts;  zinc,  66.S  parts;  nickel,  9.5  parts.    No.  2. 


Copper,  3S  luuts;  zinc,  50  parts;  nickel,  t2  parts. 


M  twelve  ineheibj 
nnm,  ana  Kwef  ~  ..... 

Ir  numipulated  aiid  thipcd  i^Uern'ri'Mmi-fluli 
unims*  tha  flnuhed  egg  ihaped  »l  ■     ■ 

talambixatliapot' •••-- 

hand  can  ba  Icept  _  .  ., ______  .^ 

kant.  the  Udia  hdnc  moved  backwarda  vA  forw«rfa,  ao  that  too  mneh  aolder  ia  —  ,— 
a  aoldef  »  alio  poured  an  inch  or  two  oa  tha  twlina,  to  tnalce  the  pva 


1  whUe  in  a  •emi-fluid  or  plaitic  condition,  tha  iinnt  ■nduilb' 

laped  Appearance.    In  muing  the  joint  ■  quintitr  oraolder  it 

1*  of  tha  ladla.  the  lolder  beins  prevnusl?  heated  ao  hot  that  the 

wo  uchet  of  ita  aorface.    The  Bolder  i)  pound  lightly  en  tbe 

_  A  backwarda  <u>d  forwaida.  ao  that  too  moch  aolder  ia  not  pit 

Tha  aolder  »  alio  poured  an  inch  or  two  on  the  twlina,  to  tnalce  the  pqw 

parature.    Natunllv  tha  further  tha  heat  ia  run  or  taken  along  the  piEc, 

clunca  of  nukus  the  joint.    The  operator  keepa  pouring  and  mth  the  left 

B  doth  to  catch  the  aolder,  and  olio  to  caiue  the  same  to  tin  the  lower  aide 


of  proper  temperature. 

the  better  the  e"- 

hand  hokla  the 

'tokeep 

,      _,  ..ni-fluidcondition  the  ladle  ii, . _„, 

ooentiui  of  wiping,  as  illuttrated,  ii  began  working  from  the  ioLIing  toward!  the  top  rf 
E^.rrfc-"  i"rJ  "*?  '^.'  "jndly.  it  ia  ttheated  to  a  pbnie  condition  hy  a  torch,  or  a 
SCn  J.T  — y"*".""/^  »  "mpleted.  it  i)  cooled  with  a  water  ■pray,  lo  that  the  kad 
ahan  not  have  tune  to  aftir  its  ihape. 


red  for  sdderiag  fine  steel 
good£,  sucb  as  spectacles,  etc.  Fme  gold  is  only  used  for  solderinE  articles 
ot  platinum.  The  stronger  the  alloy  of  the  gold,  the  more  fusible  must 
be  the  solder.  Generally  the  gold  solder  ia  a  composition  of  gold,  silver, 
and  copper.  If  it  is  to  be  very  easily  radted,  a  little  zinc  may  be  added. 
The  shade  cS  the  solder  ia  rc^ulatea  by  varying  the  {Mvpcaliona  at  diver 
and  copper. 

No.  1.  For  18  carat  gcdd:  Gold  (18K),  9  ^rts;  silver,  2  parts;  copper, 
1  put.  So.  2.  Pot  16  carat  gc4d:  Gold  (16K],  24  parts;  silver,  10  puts; 
copper,  Ipart.  Xo.  9.  For  14  carat  gold:  Gold  (14K),  25parts;  sUver,  24 
parts;  brass,  12^  parts;  zinc,  1  part. 

Atutninum  Solden, — In  soldering  aluminum  it  is  necessary  previ- 
ously to  tin  the  parts  to  be  soldered.    This  tinning  is  done  with  the  iron. 


Pic.  8.60e.— Mitbod  of  wiping  »  vertical  }inDt.  A  null  piece  of  caidboud  cui 
uoder  the  joint  to  catch  excess  solder,  of  M  ahowa,  &  lead  flange  cut  opea  is 
thi  I^P*  a£d  held  in  |4iice  by  twine . 


using  a  ctimpoaition  ctf  aluminum  and  tin.  A  pure  aluminum  soldering  bit 
shoidd  be  used.  To  prepare  an  aluminum  solder,  first  melt  the  copper, 
then  add  the  aluminum  ^^ually,  stir  well  with  an  iron  rod,  next  add  th« 
Boc  and  a  little  tallow  or  bennne  at  the  same  time,  After  adding  the 
sine  do  not  heat  too  strongly. 

Novel's  solders  for  aluminum  as  given  by  Kent  are  as  follows; 

Tin     100  parts,  lead  5  parts;  mdu  at  636'  to  673°  Pahr. 

Tin      100  parts,  zinc  5  parts;  mdts  at  SSd"  to  612'  Pahr. 

Tin  1 ,000  parts,  comer  10  to  15  parts;  melts  at  662°  to  842'  Pahr. 

Tin  1,000  parts,  nickel  10  to  16  parts;  melts  at  662°  to  842°  Pahr. 

Novel's  sender  for  aluminum  bnnize:  Tia  900  parts;  copper  100  partK 
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bismuth  2  to  3  parts.    It  is  claimed  that  this  solder  is  also  suitable  for 
joining  aluminum  to  copper,  brass,  zinc,  iron  and  nickel. 

Soldering  Fluxes. — ^The  word  flux,  means  a  substance  ap- 
plied  to  a  metal  to  make  soider  flow  readily  on  its  surface. 

The  actioa  of  a  fiuz  is  lamly  that  of  cleaning  the  surface^  and  q£  re- 
ducing any  oxide  on  the  surface  to  the  metallic  state. 

n  a  piece  of  sheet  copper  be  carefully  cleaned  by  means  of  emery  doth 
and  heated  over  a  gas  name,  the  surface  will  be  seea  to  tarnish  lapidlj 
and  assume  a  dark  brown  appearance.  A  small  piece  of  resin  drtspped  ot 
the  surface  will  melt,  and  when  the  liquid  runs,  the  initial  brightoess  d 
the  surface  will  be  found  to  reappear. 


Pics.  8,607  to  8,610.— Variotis  wiped  joints.    Fig.  A,  branch  foint  ufith 

fig.  B,  branch  Joint  with  sweU  neck,  this  style  is  much  more  difiicult  to  ^v^ethtatbs 
one  shown  in  fig.  A;  fig.  C,  doubia  branch  croM,  this  style  looks  well  and  is  vcn 
easy  to  wipe  because  one  branch  may  be  mped  at  a  time  by  protecting  the  first  ivith  diilk^ 
IMste;  fig.  D,  regular  croM  Joint,  more  difScult  than  the  double  branch  *^«'**niiTf  tbere 
are  four  edges  to  take  care  of  at  one  heat. 


Pigs.  8,611  to  8,615.— Various  wiped  joints.  Pig.  E,  angle  eroee,  a  joint  more  di&« 
to  make  than  the  regular  cross;  fig.  F,  eombtnoHon  branch  and  raunti  Joimi,  or 
tunes  made  where  it  is  most  convenient. to  Mve  a  tnaach  joint  come  at  a  point  wbentio 
rads  of  the  lunply  line  must  be  joined;  fig.  G,  V  Joint,  gracrally .  used  on  tekpbae 
2?nch  cables;  fig.  H ,  Bo-cailed  T  Joint,  usually  made  on  lead  waste  pipe;  fiff .  I .  oonoM 
onnge  Joint  m 


SOLDERING 


There  ere  t  nttmbei'  at  flux  suitable  for  various  kind  of  soldering,  but 
irino  amber  resin  is  the  best  for  electrical  work  bs  it  does  not  cause  cono- 
sioQ,  A  CMTOsive  flux,  aucfa  aa  zinc  chloride  solution  (killed  spirits)  should 
be  strictly  excluded  froni  any  electrical  work.  The  nature  o£  the  solder 
often  determines  the  flux.  Aocording  to  Haswell,  the  proper  fluxes  to  use 
are  as  fcJlows: 

For  iron,  use  borax  For  sine,  use  chloride  of  zinc 

"    tinned  iron,  use  rosin  "    lead,  use  t^low  or  rosin 

'"    copper  and  brass,  use  sal-  "   lead  and  tin,  use  rosin  and 

anunoniac  sweet  oil 

Soldering  Bolts  or  Bits. — The  erroneously  called  soldering 


Pigs.  8,Glft  to  S.eie.-^Vanoui  Boldsiine  bits,  or  so-called  "irons."    Fig.  S,8I6,  mdituuy 
edgB  bit;  figs.  S,ei7  and  S.HIS,  batchet  bit;  fix.  S,ei9,  pointed  bit. 

"iron"  or  bit  consists  of  a  large  piece  of  copper,  drawn -■to  a 
point  or  edge  and  fastened  to  an  iron  rod  having  a  wooden  handle. 
The  various  types  of  bit  are  shown  in  the  accompanying  cuts. 

■  Tlnnitlg  the  Bit. — Preliminary  to  soldering,  the  bit  mtist 
be  coated  with  solder,  this  operation  being  known  as  "tinning." 
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The  operation  of  tinning  the  bit  is  shown  in  iM;s.  8,620  to  8,622.  Once 
a  soldering  bit  has  been  well  tinned  care  shoulabe  taken  not  to  ofverheat 
it.  If  the  bit  at  any  time  reach  a  red  heat  it  will  be  necessary  to  repeat 
tiie  ^ole  tinning  process  before  it  is  fit  to  be  used  again.  No  good  work 
can  h$  done  with  an  unHnned  or  badly  tinned  bit* 


Soft  Soldering. — ^The  theory  of  soft  soldering  is  that:  as  the 
solder  adheres  to  and  unites  with  the  surface  of  the  copper  when 
the  bit  is  tinned,  so  will  it  adhere  to  and  unite  the  surfaces  of  the 
metals  to  be  soldered. 

Soft  soldering,  as  well  as  hard  soldering,  or  brazing,  consists  in  welding 


6RICK  SUPPORT 


PjECt  OF  SHEET  TIN 


FLUX  AND 
SOLDER 


DAMP 
RA6 


Pigs.  8,620  to  8,622.— "Turning"  the  bit.  Fig.  8,620.  cleaning  bit  by  filing  worldng  surfaces 
with  an  old  file;  fig.  8.621,  rubbing  the  bit  on  the  fiux  and  solder,  which  may  be  conveniently 
jdaced  on  a  x>iece  of  sheet  tin  as  shown;  fig.  8,622,  removing  surplus  solder  by  giving  each  side 
at  the  bit  a  quick  stroke  over  a  damp  rag. 


together  two  or  more  pieces  of  similar  or  dissimilar  metals  by  means  of 
aiWfther  metal  of  lower  melting  point. 


In  order  to  successfully  solder  wire  joints,  the  following  in* 
structions  should  be  followed: 

1.  Oean  and  tin  the  bit  as  shown  in  figs  8,620  to  8,622. 

2.  Heat  the  bit  in  the  fire  until  it  reaches  the  right  temperature.  Do 
not  try  to  solder  a  joint  with  a  bit  so  cool  that  it  only  mats  the  solder 
do^y,  nor  with  one  so  hot  that  it  gives  dense  clouds  of  smoke  when  in 
contact  with  roan.    Burned  rosin  must  be  regarded  as  dirt. 

3.  Remove  the  bit  from  the  fixe  and  hold  it,  or  preferably  support  it 
en  a  bride  or  block  of  other  material  which  does  not  conduct  heat  readily. 
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4.  Wipe  the  surfaco  dean  with  a  rag.  Apfdjr  Bolder  until  a  pool  re- 
mains on  the  flat  surface,  or  in  the  Eroove,  if  a  erooved  bit  be  used, 

5.  Sfn^nkle  with  rosin,  lay  the  joint  in  the  pool  of  solder  and  again 
sprinkle  with  rosin. 

6.  Rub  the  joint  with  a  stick  of  solder  so  that  every  device  ia  thoT' 

ot^hiy  filled. 

7.  Remove  the  bit,  and  lightly  brush  superfluous  solder  from  the  bot- 
tom of  the  joint.  See  that  no  sharp  points  of  solder  remain  which  may 
afterwards  pierce  the  insulaticat. 


Fto.  8.633. — Not  of  ekctiie  (01(9(111118  IiiU.  iliow 

Oi^hiy  cleaned,  and,  if  the  workmans 

fill  the  joint  completely  by  feeding  h 

and  runs  up  into  the  joint. 

A  well  Bolderedjoint  should  present  a  smooth,  bright  appearance  like 

polished  silver.    Wiping  the  joint  before  it  cools  destroys  this  appearance, 

and  is  also  liable  to  produce  roughness,  which  is  detrimental  to  the  la- 
in order  to  prevent  the  insulation  on  the  wire  near  the  joint  beingdam- 

aged,  the  process  of  soldering  should  be  carried  out  as  quickly  as  possible, 

and  for  tins  reason  the  tendency  to  bum  the  insulation  is  less  with  a  hot 

bit  (a  quick  bit)  than  with  a  cooler  oat. 

Sweating. — ^In  this  operation  the  surfaces  are  cleaned,  heated, 
and  covered  with  a  film  of  solder. 
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The  soldered  surfaces  a 
the  bit  ov 
surfaces. 

Babbitting  Boxes. — ^Although  some  special  machines  are 
provided  with  ball  bearings,  most  dynamos  and  motors  have 
plain  babbitted  bearings,  accordingly  electricians  and  repair 
men  should  know  how  to  babbitt  a  box  should  occasion  arise 
for  such  operation. 

Of  the  various  so-called  anti-friction  metals,  Babbitt  is  extensively  used. 
This  is  a  soft  white  metal  composed  of  60  parts  tin,  2  parts  copper  and  4 
parts  antimony. 


Figs.  8.624  toS.SZS. — Saiaallng.    Wbea  two  Burtaces  ere  to  be  united  by  Bweatins,  first  s« 
■        ■  •  -    ..      .         .,       ^    .      -    ^11.8,825.     PutapieceoftinfoaoveroM 

Id  be  held  firmly  together  by  a  clam^  or 
!ta1  hAve  considerablfl  thick- 


et the  Burfaeea  are  perfectly  clean,  thenflm  as  in  6a.  8, 

.   J  >  ^t . , 1  top.    They  shoula  ba 

.  8.828  bya  hot  bit,  or  il 

melts.     When  cool,  the  surf  acea  will  be  found  to  be  fiinily 


L 


At  the  Ixginniag  this  proRortion  w»»  used  tot  all  pmpoHs.  but  it  has  b«n  found 
that  there  is  no  one  composition  that  will  bring  equally  good  remits  in  all  kinds  □£ 
.maohjnery,  hence  are  given  the  foUowine  different  proportioiie; 

Babbitt  metal  for  light  duty  is  composed  of  S9.3  parts  of  copper,  1  .S  parts  of  antimpoy , 
S.S  parts  of  Jesd. 

Babbitt  metal  for  heavy  bearingfl  is  composed  of  S8.Q  parts  of  copper.  3.7  patl4  o£ 

Lead  and  antimony  have  the  property  of  combining  with  each  other  in  all  pcoportiom 
without  impairing  the  anti-friction  properties  of  either,  the  antimony  hardeiii  the  lead, 

no  other  kuown  conipoBitioTi  of  metals  possesses  greater  anti-friction  or  we    ' 
or  will  stand  a  higher  speed  without  heat  or  abrasion. 

The  operation  of  babbitting  a  box  should  be  done  in  accordance  mththe 
following  instructions  to  obtam  good  results. 
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1.  Avoid  overheating  the  babbitt,  as  this  is  destructive  to  the  cnialities 

of  the  metal  and  also  entails  a  considerable  loss  on  account  of  the  dross  or 
scum  that  has  to  be  skimmed  off  the  ladle. 

To  ascertain  the  i>roper  temperature,  the  time  honored  test  is  to  try  it  with  a  drjr  pino 
stick.  The  temperature  should  be  such  that  the  stick  will  char  without  catching  nre. 
Cover  the  metal  with  powdered  charcoal  and  put  in  the  ladle  a  lump  of  sal-ammoniac. 

Of  course,  it  is  sometimes  necessary  to  heat  the  babbitt  hotter  than  this  to  insure  its 
running  to  all  parts  of  the  box  when  the  section  to  be  filled  is  thin*  but  if  possible*  in 
such  cases,  the  box  should  be  warmed  up  to  prevent  excessive  chilling  of  the  metal. 

2.  If  the  box  is  to  be  babbitted  with  the  shaft  in  i)osition  for  a  mandrel, 
be  caref id  to  get  the  shaft  properly  lined  and.  central  in  the  box. 
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Fig.  8,629. — ^Picking  up  solder  with  a  hot  bit.  This  is  the  iMt>per  method  for  small  work* 
Rest  the  bar  of  solder  on  some  support  as  a  brick  or  piece  of  wood  and  touch  it  with  tho 
end  of  the  hot  bit.  Some  of  the  solder  will  melt  and  remain  on  the  bit.  It  is  then  trans- 
ferred to  the  part  to  be  soldered,  and  if  the  surfaces  be  in  proper  condition  and  fluxed  when 
the  bit  touches  the  surfaces,  the  solder  will  leave  the  bit  and  cover  the  surfaces. ,  injplektn§ 
Mtp  9oider  from  the  stick,  care  should  be  taken  not  to  leave  the  bit  in  contact  with  the  solder 
too  long  or  some  of  it  will  drop  off.  The  larger  the  bit  and  area  tinned,  the  more  solder  w£Q 
the  bit  hold. 


To  hold  it  in  position  use  an  outside  support  if  convenient,  but  if  not,  small  pieces  of 
lead  hammered  to  the  right  thickness  may  be  used  to  hold  it  at  the  i>roper  height 
and  in  a  central  position.  It  te  not  goodpraetiee,  however,  to  use  the  shaft. for  the 
purpose  of  casting  the  bearings,  especially  if  the  shaft  be  of  steel,  for  the  reason  that  the 
not  metal  is  apt  to  spring  it;  the  better  plan, is  to  use  a  mandxel  of  the  same  sise  or  a 
trifle  latger  for  this  purpose.  For  slow  running  journals,  where  the  load  is  moderate, 
almost  any  metal  that  may  be  conveniently  melted  and  will  run  free  will  answer  the 
porpow.  For  wearing  properties  with  a  moderate  speed  there  is  probably  nothing 
superior  to  pure  sine,  but  when  not  combined  with  some  other  metal  it  shrinks  so  much  in 
cooling  that  it  cannot  be  held  firmly  in  the  recess,  and  soon  works  loose. 

3.  The  shaft  should  be  smoked  or  greased  so  that  the  babbitt  will  not 
adhere  to  it. 
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4.  The  ends  of  the  box  should  be  stopped  with  day  or  cardboard  washers 
cut  to  snugly  encircle  the  shaft  and  hdd  to  the  face  of  the  box,  to  prevent 
the  babbitt  escaping. 


Figs.  8,630  and  8,631. — ^Kageman  self-heating  gas  soldering  bit  for  bench  work.  Fig.  8,630 
single  torch;  fig.  8,631,  double  torch.  Any  shape  or  weight  of  copper  pcant  for  any  class  of 
work  may  be  easily  substituted  by  means  of  a  set  screw  I.  One  end  of  a  flexible  tubing  is 
attached  to  the  nozzle  or  male  screw  near  the  handle  A,  and  the  other  end  is  connected  to 
the  gas  main  M.  (Five-eighths  main  preferred.)  Before  lighting,  close  the  Btmsen  boles  B 
by  means  of  the  air  slide  D,  open  the  governor  F,  turn  on  gas  main  M,  Hc^t  near  copper 
point  at  G,  and  gently  open  Btmsen  holes  by  nieans  of  slide  D.  If  flame  appear  within 
chamber  B,  turn  off  gas,  ^htly  close  holes  by  itneans  of  slide  D,  and  light  agam.  Shut  off 
gas  at  main  cock  M.  Where  the  gas  main  is  already  installed  it  is  advantageous  to  bore  a 
hole  in  the  bench  near  the  wall,  connect  a  flexible  metallic  tubing  to  the  gas  main,  pass 
tubing  through  the  hole  and  fasten  tubing  to  the  underside  near  the  outer  edge  of  the  bendi. 
In  that  way  the  hose  will  hang  freely  and  will  hardly  be  noticeable.  The  soldering  iron  can 
be  used  away  from  the  bench  at  any  desired  distance,  dependixig  ux>on  the  length  dl  the 
tubing.  The  double  torch,  fig.  8 ,63 1 ,  has  two  btxrner  tubes  generating  two  short  but  intensely 
hot  blasts.  The  double  flame  is  intended  to  heat  heavy  coppers  qmcldy,  and  when  the  de- 
sired temperature  is  reached  one  flame  is  shut  off  by  a  half  turn  of  the  governor,  the  remaining 
flame  keeping  the  point  at  a  steady  temperatxire  throughout  the  clay.  For  smaller  coppers 
one  flame  is  sufficient.  When  a  large  heating  pomet  is  required  it  is  often  desirable  to  use 
both  blasts  throughout  the  day. 


NOTE. — Ca9t  iron  soldering,  A  new  process  consists  in  decarbonizing  the  surfaces  of 
the  cast  iron  to  be  soldered,  the  molten  hard  solder  being  at  the  same  time  brought  into  con' 
tact  with  the  red  hot  metallic  stirfaces.  The  admission  of  air,  however,  should  be  carafully 
guarded  against.  First  pickle  the  surfaces  of  the  pieces  to  be  soldered,  as  usual,  with  add, 
and  fasten  the  two  pieces  together.  The  place  to  be  soldered  in  now  to  be  covered  with  a 
metallic  oxygjsn  compound,  and  any  one  of  the  customary  fluxes,  and  heated  until  led  hot. 
The  preparation  best  suited  for  this  purpose^is  a  paste  made  by  intimately  mingling  together 
cuprous  oxide  and  borax.  The  latter  melts  in  soldering  and  protects  the  pidded. surfaces,  as 
wul  as  the  cuprous  oxide  from  oxidation  through  the  action  of  the  air.  During  the  heating 
tiie  cupro\i8  oxide  imparts  its  oxygen  to  the  carbon  contained  in  the  cast  iron  and  bums  it. 
Met^hc  copper  separates  in  fine  subdivision.  Now  apply  hard  solder  to  the  place  to  be  united, 
which  m  melung,  forms  an  alloy  with  the  eliminated  copper,  the  alloy  combiaias  with  thi 
decarbunzed  surfaces  of  the  cast  iron. 


94S  -  4^^ 


linenmodo  o£  cardboard  ahould  be  inserb _,„ 

touch  the  shaft  on  each  tide  bo  th&t  tha  box  old  be  divided  n 
poiuiiig  li  completed. 


6.  A  small  hole  at  one  «nd  will  be  suffideat  to  insure  the  lower  part  filling. 
properly, 

S.  With  a  large  box  and  shaft,  it  is  best  to  pour  the  lower  part  first  ami 
tben  the  upper  one. 

7.  Cars  should  be  taken  that  there  is  no  water  or  dampness  in  the  box^ 
as  seiious  consequences  may  foHow  tf  this  precaution  be  neglected. 


S  points  of  tin  liad  solden,  accordinc  to 
Br  M  to  the  exact  values. 

A.  lutty  bol  Is  lilc^  to  throw  tbs  babUtt,  at  water  _wiQ  be  liberated  wtietl  thabot 


8.  If  the  oil  hcde  be  tised  to  pour  through,  it  will  be  necessary  to  drill  it 
out  and  cut  the  <»1  grooves  after  the  box  is  taken  apart. 

fl.  II  the  babbitt  be  poured  from  the  aide,  a  plug  of  pine  wood  can  be 
jnM-rted  in  the  oil  hole  down  to  the  shaft  to  keep  it  dear. 

10.  The  shaft  is  soiaetimes  wrapped  with  a  stout  cord  laid  in  a  spiral 
direction  to  get  the  proper  oil  runs,  but  it  is  usually  better  to  cut  uiem 
afterwards  with  a  round  nose  chisel. 
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CHAPTER  143 

Brazing 

Thjs  art  of  uniting  metals  by  means  of  a  hard  solder  is  called 
brazing. 

Originally,  as  its  name  implies,  brazing  was  devoted  to  the  union  of 
hrasa  or  ouier  copper  alloys.  ^: 

The  theory  of  brazing  is  the  melting  of  a  low  fusing  metal 
against  the  metals  to  be  united  while  they  are  in  such  a  condition 
cf  cleanliness  and  temperature  that  the  metal  welds  itself  to  them. 

Brass  filings  have  been  generally  replaced  by  sf>elUr^  which  is'a  composi- 
tion of  about  eqtial  parts  of  copper  and  zinc;  this  is  used  for  brass  work. 
For  tubes,  a  composition  of  8  parts  of  brass  tube  filings  to  1  of  zinc  is  used. 

Brass  or  ^[im  metal  united  by  this  process  will  produce  a  joint  as  hard  as 
the  met^  pieces  united. 

Iron  and  steel,  especially  small  pieces  of  finished  work,,  m^y  be  united 
by  the  same  mea^ns-  The  process  of  brazingr  consists  essentially  of;  1 ,  clean- 
ing the  parts  to  be  brazed;  2,^ applying  the  hard  solder  and  flux;  3,  heatiilg. 

'  '  The-  work  is'fitst'  carefully  deaned  with  acid,  and  some  .fifie  spelter 
is"  mixj^d  with  borax  tb  lorm  a  flux,  a  little  water  being  added  to  -make  a 
pastes  The  compound  is  placed  between  the  parts  to  oe  united,  as  much 
surface  as  possible  being  brought  in  contact,  the  two  being  l^eld  firmly 

.  tpgelther,  in  the  case  of  small  pieces  by  tongs,  and  heated  imtil  the  flux 
Jaiid  spelter  are  melted,  thie  parts*  being  held  together  until  the  spelter 
unites  with  the  mJetal  and  solidifies.  '  • 

Sometimes  the  work  cjmnot  be  easily  gripped,  and  so.  after  insoting 
the  spejter  and  borax  as  before,  the  iparts  are  bound  with  iron  wire  and 
placed  m  a  clear  cokie  fire  until  ithe  operation  is  complete;  The  super- 
fluous metai  around  the  join's  wiH  iti  each  case  need  to  be  removed  by 
means  of  the  file. 
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There  are  various  methods  of  brazing,  such  as 

1      Butt  brazing;  3.     Dip  brazing; 

2.     Lap  brazing;  4.     Mufl9e  brazing. 

The  names  are  self -defining.  Thus  in  butt  brazing  the  two  pieces  to 
be  brazed  are  placed  butt  to  butt;  in  lap  brazing,  the  ends  are  overlapped; 
in  dip  brazing  the  parts  are  dipped  into  molten  solder  until  the  parts  are 
heated  sufficiently  to  be  united  by  it;  in  muiHe  brazing,  a  tube  or  muffle  it 
used  to  enclose  the  parts  to  be  brazed. 


Heating  Methods  in  Brazing. — On  account  of  the  higher 


Pig.  8 .633. — Ordinary  mouth  blow  pipe. 


fteDUQNG  FUME 


BLOW  Pf  PE 


OXYDIZING  BlUQ 
GONE 


C^MOLE 


Fig.  8^634. — Method  of  ttstnff  the  mouth  blow  pipe.  This  is  for  small  work,  though  the  in- 
tensity of  the  heat  thus  produced  is  very  great,  the  volume  of  flame  is  small.  On  some  blow 
pipes  a  ball  or  enlargement  is  made  at  A,  to  catch  any  moisture  or  saliva,  thus  increasing 
the  effidency  of  the  instrument.  The  torch  as  shown,  gives  two  flames  as  follows:  1, 
oxidizing  Hamm,  commonly  caused  by  the  chemical  union  of  oxygen  with  another  sub- 
stance, if  more  oxygen^  be  supplied  than  is  needed  for  perfect  combustion,  the  free  oxygen 
in  excess  makes  an  oxydiring  flame,  one  that  rusts  or  bums  the  metal.  A  flame  ma>[  be  oxy- 
dizingin  one  place  and  reducing  in  another,  2,  reducing  Aame,  defined  as  a  flame  in  which 
the  fuel  is  in  excess  of  the  oxygen  necessary  for  perfect  combustion.  The  tendency  of  such 
a  flame  4s  to  draw  som€  oxygen  from  the  burned  parts  of  the  metal.  It  prevents  burning  within 
its  radius. 


temperature  required  in  braz- 
ing, a  flam*  is  generally  used 
instead  of  a  heated  bit. 

For  small  work  a  blow  pipe  or 
torch  is  used,  and  a  forge  for 
larve  work.  A  torch  alone  is 
ordtnarily  insufficient  ss  the  beat 
must  be  put  where  it  is  needed 
and  held  there.  This  is  usually 
done  by  building  around  the  work 
with  charcoal  which  becomes  in- 
candescent from  the  heat  of  the 
gasoline  flame,  and  also  gives  oS 
some  heat  from  its  own  combus- 

I£  the  artide  to  be  braied  be 
very  small,  it  cos  be  placed 
bodjly  in  a  hole  ecooped  in  a  bit 
of  charcoal  as  shown  in  fig.  8 ,63S, 

In  brazing  in  the  smith's  forge 
it  is  well  to  hold  the  work  high 
up,  that  is,  so  that  it  does  not 
rest  on  the  coal. 

Moreover  the  work  -is  kept 
suspended  between  banks  of  incan- 
descent fuel  GO  that  the  heatii^ 
will   be  as  near  uniform  as 

possible. 

A  charcoal  fire  should  be  used, 
but  if  bituminous  coal  be  used, 
coke  enough  of  it  to  do  the  work, 
as  the  sulphur  in  the  soft  coal  is 
to  be  avoided  where  good  brazing 


An  air  blast  is  necessary  as 
in  the  forge  but  a  compuatlvely 
small   blower  will  suffice. 
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Brazing  of  C!opper. — ^Por  coppersmith's  work  the  joints  are 
>repared  either  by  thinning  or  cramping. 


?ic.  S.63T, 
andfluii 


;.  theyi 


_.„ lengths  o[  small  trips.    Attcr  cleanine  ths  ends  to  b«  bnied 

cluaped  in  position  Initt  to  butt  using  a  vi^fl  Bod  clamp  is  Bhown.  or 
*■      ■  .-   .    -       the  joint  and  heat»pp)ioi.    When 

U,.*   U,t^   th«    IrtExl      h;1t    KnTJna  th» 


er  are  clunped  in  position  butt  to  1 
A  little  bruiog  tiAdtl  is  xpnnlilnl 

'    ■  enough  to  pit  It  the  solder,  it  m. .  , , .  _ 

ving  one  of  the  pieces  a  slight  tao  on  the  end,  when  the  E 

I'tideiable  length,  the  heat  is  quiddy  conducted  away,  necessitating  a  c 
-*- ' — -IS  of  heating. 


or  more  adequate  means 


T»tam  of  Bnwbift  Solden 

Copper 

Zbs 

Tin 

Lead 

75 
S8 
60 

33M 

25 
42 
50 
28 
60 
66?i 

'm 

IH 
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vork,  is  rather  more  elabcuste;  notches  are  cut  at  a.  slight  angle  bito  one  of 
the  edges  to  be  united,  and  the  teeth  thus  formed  are  bent  altemately  to 
left  and  rij^t.  The  edge  of  the  other  piece  is  thinned  ajid  inserted  between 
the  cramp,  so  that  altmiate  pieces  come  on  opposite  sides  of  the  thinned 


Copper  joints  to  be  brazed  are  cleaned  by  covering  the  parts  with  a 
strong  brine  made  from  salt  and  water;  they  are  then  heated  to  a  cherry 
red  and  plunged  into  clean  fresh  water,  miich  also  has  the  effect  of 


Pig.  8.63S. — Bndne  a  tnull  chun 
in  m  small  bole  scooped  in  ths  chi 
Applying  the  solder  uid  fiux. 


ud  heat  wi^  the  candia  flame  and  blow  pipe  after 

MlKellaneous  Brazing  Solden 


PERCENTAOB 

ChMttcttrlMia 

Color 

Coppw 

Zinc 

Tin 

J.ttA 

£8 

63 

48 

64.5 

34 

44 

S5 

42 

47 

&2 

43.5 

66 

50 

26 

1.5 

4 
15 

0.5 

2 
4 

Very  strong 
Strong 
Medium 
Medium 
EasUy  fusble 
EasUy  fusible 
White  solder 

Reddish  yellow 
RMdishyeUow 
Reddich  yellow 

is. 
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,1.  anaealing  the  copper.    Scouring  follows  with  clean  water  and  sand  rubbed 
\  .  <irWth  a  wad  of  tow. 

The  brazing  mixture  is  made  of  borax  and  spelter  in  equal  parts,  with 
dy  water,  and  is  preferably  made  a  day  or  two  previously.      The  prepared 


Pig.  8,639. — Method  of  lap  braziog  a  band  saw.  In  making  the  lap,  the  two  ends  are  cham- 
fered by  filing  to  make  an  accurate  joantas  shown.    Silver  solder  is  generally  used,  it  being 

„;jin>lied  between  the  two  surfaces,  or  the  surfaces  are  coated  with  borax  and  tne  e^er 
al&wed  to  flow  into  the  joint  from  the  edges.  After  firmly  clamping  the  parts  in  i>osition, 
the  solder  is  laid  over  the  joint,  or  it  may  be  placed  between  the  two  pieces  to  be  united. 

•  -When  the  heat  is  applied,  the  solder  melts  and  the  two  pieces  must  be  squeesed  tightly 
together  to  force  out  surs»lus  solder.  Silver  coins  contain  10  per  cent,  of  copper  and  vaJun  a 
good  hard  solder.  When  using  a  coin,  pound  it  until  very  thin  and  then  place  between  the 
two  surfaces  to  be  brazed. 


Pig.  8,640.— -Bradng  byl  mmersion  or  dipping.  The  brazing  solder  is  melted  in  a  pot  on  the 
coal  fire,  as  shown,  or  better  in  a  gas  furnace,  fltiz  being  placed  on  top  of  the  solder.  In 
brazing,  hold  the  object  first  in  the  flux  a  little  while  to  neat  and  coat  the  article  with  a 
film  of  nxix.  Then,  when  it  is  lowered  into  the  solder,  the  latter  will  flow  in  the  joint  and 
firmly  attach  itself.  ^  Before  dipping,  the  article  to  be  brazed  is  coated  with  a  special  anti- 
flux  ^Taphite,  covering  all  the  surface  except  that  which  is  to  be  brazed.  The  layer  oC 
flux  m  tne  pot  may  be  joept  from  H  inch  to  3  inches  deep. 
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|)ortions  of  the  article  to  "be  jointed  are  placed  together  and  fastecei, 
if  for  a  pipe,  by  being  bound  with  iron  wire.  The  over  lapping  ed^ 
are  dosed  by  means  of  a  mallet  on  a  stake  or  mandrel. 

The  mixture  is  then  laid  evenly  along  the  joint,  and  the  pipe  or  ode 
article  placed  upon  a  clear  coke  fire,  the  temperature  of  which  is  easi- 
regulated.  Presently,  the  borax  fuses  and  forms  into  drops,  and  is. 
the  solder  melts,  wmch  is  indicated  by  blue  fumes  from  the  zinc.  Pli- 
ably it  will  be  necessary  to  sprinkle  a  little  more  powdered  borax,  a:: 
the  pipe  may  have  to  be  tapped  with  a  mallet  or  hammer  to  cause  ^ 
lapped  parts  to  open  slightly  and  permit  of  the  solder  flowing  readih  z 
between  them.  Salt  is  often  strewn  on  the  surface  immediately  ar^ 
the  solder  has  run,  to  kill  the  borax,  as  it  would  leave  a  hard  scale  jnterfer/ 
with  future  filing. 


Fig.  8,641. — ^Brazing  the  joint  of  a  pair  ol  tweezers.  Tlie  suxfaces  to  be  biased  axe  doac. 
■ome  of  the  spelter  applied  to  each  surface,  and  the  pieces  tied  toeether  with  a  fise  rr 
wire  and  heated  sufficiently  to  melt  the  spelter.  The  heat  may  be  applied  with  a ':  ^ 
pipe  or  by  holding  the  pieces  in  a  pair  of  hot  tongs.  When  the  spelter  is  melted  tbe  pa 
IS  cooled  and  the  iron  wire  is  taken  oS,  When  the  pkoes  are  clamped  in  hot  tongs»  iber:: 
wire  is  sometimes  omitted,  the  pieces  being  placed  in  their  proper  relation  and  the  r:2 
depended  on  to  Iceep  them  there,  or  stops  may  be  arranged  to  deteraainc  the  locatiba  a  '^ 


All  flanfes  to  be  brazed  to  copper  pipes  must  be  of  copper  or  wiia:  is 
known  as  brazing  metal,  98  copper  to  2  of  tin,  as  gun  metal  flanges  vo:i: 
mdt  before  the  spelter  ran. 

The  hole  in  the  flange  is  slightly  tapered,  and  the  end  of  the  pipe  als* 
to  form  a  clearance  in  which  the  spelter  may  flow,  a  counter^[ik  beii 
also  formed  in  the  face  side  of  the  flange,  and  the  pipe  slightiy  opae: 
to  fit  it. 

After  the  mixture  is  placed  in  the  joint  and  the  parts  put  togedsr 
the  countersink  is  stopped  with  clay,  to  retain  the  solder.  The  pc- 
is  then  slung  vertically  over  the  fire,  with  the  flange  undemeath,  s:^ 
the  previous  process  carried  out. 

It  will  frequently  be  necessary  to  close  the  pipe  with  a  day  tmcu 
or  a  wooden  plug  to  prevent  the  heat  going  up  it.  Pix>jectiaas  fee 
flanges  are  protected  from  the  fire  by  means  of  a  covering  of  cky. 

Lead  Biiming. — This  process,  soraetimes  erroneously  calei 
autogenous  soldering,  consists  of  joining  pieces  of  lead  tof^ 
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let.  8.643  BDd  6.643. — Picparatioa  of  butt  and  Inp  Kama  tor  lead  buTning.  Pig.  8.642  inom 
tbeedfluof  a  butt  seam  placed  together  on  a  piec«  of  flAt  board,  and  the  BearndKavftdTGuIr 
for  burning.  The  iridth  of  the  shaving  is  governed  by  the  thickness  of  the  lead  to  be  joined. 
For  S  lb.  lead  the  rear  should  bo  sbout  M  mOl  wide,  that  i*  the  edge  of  each  piece  should  ba 
■haved  to  a  width  of  '^  inch.  7\a.  S.643  Ehows  it  Upped  Beam  read;  for  buming.  Tho  tsca 
of  the  Qndersids  ii  shaved  the  width  of  theiesa,  and  the  over  lead  on  the  under  side,  as  well 


tt  bumuif. 
no.  fintregulate  the  gas  and  ail  cockior  the  ga*  and  oxygeacocln  of  til*  genentor  as 


TheshavingisdonD  with  an  ordinary  shave  hoolc  and  stnight  edge.    To  burn  either  of  thHO 
■■-•■■--' ■--    •-     -       -  ■  rua* 


case  may  be.  so  as  to  obtain  a  "haid  solid  flame." 


Fic.  S.6M.— Lead  buraing.  I,  Bnttieam.  Rw  flat  butt  bon^  tlw  end  of  a  stick  of  laad 
■hould  be  held  on  the  aeain  so  as  to  be  melted  at  the  same  time  as  the  other  lead.  Befbrs 
beginning  to  burn  the  ■eam.aaticliof  lead  ihould  be  held  in  the  hand  and  the  flame  made  to 
clay  upon  it  so  ■■  to  ucertaia  the  hottest  |ait  of  the  flame  to  apply  to  the  team.  If  tbe 
name  tainish  or  imofcB  the  lead  stick,  mote  air  or  oxygen  should  be  biuned  in .  but  if  the  lead 
turn  to  tk  silvecT  brightnen,  vbea  the  flame  impinges,  the  beat  will  be  right  and  the  port 
of  the  fliune  to  be  tucd  will  be  aseertalned.  Now  tack  tbe  two  eodi  of  the  seam  by  melting 
little  beads  on  thena  to  hold  the  pieoes  in  pootioa.  The  buming  can  now  be  atsrted,  begin- 
ning  being  nuuie  at  the  ri^t  hood  end.  The  Same  ii  hfted  Imniediately  when  the  metal 
be^is  to  flow  and  te^phed  at  a  distance  of  bom  M  *o  K  inch,  according  to  the  tnicknen  of 
tbe  lead  being  jollied  together,  giving  the  appsaraace  aa  abown.  DuiriBg  tbe  pmceei  of 
burning .  the  sheet  lead  wiu  be  expanded  when  tnehcat  is  applied,  and  being  a  poor  condiictor. 
the  beat  U  not  diatrlboted  to  the  adjoining  sides  of  the  Beam,  boics  the  heated  part*  win  ri** 
up  and  leave  hollow  spaces  underneath.  Wbenthli  happens, leavingplaces^erethelead 
J itreitia  the  board  the  lead  melti  more  readily,  with  the  result  that  a  bolois'--''- 
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hy  simply  placing  the  edges  to  be  joined  closed  to,  or  ooerlappini 
each  other  t  and  then  melting  them  so  thai  they  flow  and  iniermin(j 
wUk  each  other,  forming  one  piece,  and  retaining  the  same  coHditie% 
of  unison  on  solidifying. 

ta  some  cases  a  strip  of  lead  is  melted  at  the  same  time  as  the  e^esjtlB 
makes  a  r^sed,  and  consequently  a  stronger  seam.  The  process  is  wbl 
only  for  joining  lead  to  lead  and  would  not  answer  so  well  for  jomxng  lead% 
copper  or  to  brass. 

In  lead  tniming,  a  hydrogen  flame  is  used  in  connection  with  a  jet  of  lir, 
the  hydrogen  bemg  produced  in  a  machine  or  generator. 


I 


For  joining  lead  sheets  together  bv  burning ,  it  is  essential  thattix 
pieces  touch  or  overlap  each  other  when  in  the  horizontal  positka,  tx 
overlap  when  in  either  slanting,  upright,  or  overhead  positions.  Itisar. 
necessary  to  soil  the  sides  of  the  seams ,  because  the  leaawill  flow  only  ivber. 
it  is  directed  by  the  flame  jet.    No  fluxes  are  necessary. 
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CHAPTER  144 

Welding 

The  art  of  forcing  two  pieces  of  metal  into  union  by  means  of 
teat  and  pressure  ^  is  known  as  welding. 

Until  the  introduction  of  electric  welders,  it  has  always  been  a  di£Bcult 
process,  requiring  considerable  experience  and  skiU  of  hand  and  ^e.  Not 
only  must  the  temperature  of  the  heated  iron  be  properly  judged  for  a 
successftd  weld,  but  the  metal  itself  must  be  protected  from  uie  effect  of  the 
oxygen  in  the  air. 

Oxidation  of  Iron. — If  a  piece  of  iron  be  heated  in  contact 
with  air,  it  will  absorb  oxygen  from  the  air,  thus  forming  a 
scale  of  oxide  of  iron  on  the  svirface.  The  hotter  the  iron,  the 
more  rapidly  will  the  scale  form. 

Oxide  of  iron  prevents  welding  because  it  lies  between  the  two  sorfaoes 
to  be  united  and  prevents  them  coming  into  contact. 

Methods  of  Preventing  Oxidation. — There  are  two  methods 
used  in  welding  to  prevent  the  formation  of  oxide  of  iron,  and 
both  methods  are  based  upon  some  means  of  protecting  the 
hot  iron  from  the  oxygen  in  the  air. 

Oxidation  may  be  prevented  by  using:  1,  a  reducing  fire,  or,  2,  a 
protective  coating.  A  reducing  fire  is  one  in  which  all  the  oxygen  is 
consumed  in  the  combustion.  In  practice  this  is  accomplished  b^  having  a 
closed  thick  bed  of  fire  for  the  air  to  pass  through  before  coming  in  contact 
witii  the  iron  and  by  maintaining  a  moderate  blast. 

A  protective  coating,  called  a  flux  is  a  substance  containing  no  oxy|:en, 
which  is  applied  to  the  heated  metal,  and  which  i)ossesses  certain  quahties 
whidi  prevent  oxidation. 
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Fluxes. — ^The  usual  composition  of  fluxes  for  the  various  metals 
are  as  follows: 

Cast  Iron. — ^Equal  parts  of  carbonate  and  bicarbonate  of  soda  to 
which  is  added  10  to  15  per  cent,  of  borax  and  5  i)er  cent,  of  precipitated 
silica.     Oidinary  table  s£dt  may  also  be  used. 

The  flux  should  be  used  only  when  the  metal  does  not  run  freely,  and  then 
only  sparingly. 

Too  much  causes  the  metal  to  harden  so  that  it  cannot  be  machined. 
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LAP  WCLD 


OUMP  W£lO 


CUtFT  OR  SPUT  WELO 


Figs.  8,646  to  8,660. — ^Various  welds..  Fig.  8,646,  ucarf  wofld.    In  this  weld  the  two  pieces  are 
ehamferedt  that  is  beveled.    If  the  iron  be  of  uniform  thickness  it  is  iirst  upset  at  the  point 
where  the  weld  is  to  be  made  to  make  it  a  little  thicker,  then  it  is  scarfed .    To  scarf,  the  upset 
end  is  thinned  down,  generally  with  the  peen  of  the  hammer,  drawing  it  out  thm  at  the  point 
and  crowding  the  metal  together  at  the  stick.    The  faces  to  be  welded  are  .given  a  crown 
shape  to  facmtate  squeezing  out  of  the  slag  as  the  weld  is  closed.    Fig.  8,647,  butt  weUL 
This  is  an  end  to  end  weld.    Usually  the  two  pieces  are  upset  a  little  at  first,  and  then  ends 
wdded  together.    They  are  hammo^ed  on  end  to  bring  them  together,  and  as  this  tends  to 
upset  the  pieces  some  more,  they  are  drawn  out  to  the  required  size  after  the  weld  has 
been  made.    In  preparing  the  ends,  the  surfaces  to  be  welded  are  made  convex  as  in  the 
scarf  weld,  in  order  to  allow  the  slag  to  work  out.    Fig.  8,648,  lap  weld:  a  weld  in  which 
the  faces  of  the  two  pieces  overlap.    When  the  faces  are  not  crowned  or  rounded,  care  should 
be  taken-  to  begin  hammering  at  the  center  and  work  outward  to  force  out  all  the  slag. 
Fig.  8,649,  cleft  or  split  weld:  a  "tongue  and  ^oove"  form  of  weld.    One  of  the  pieces 
after  upsetting  on  the  end  to  gain  width,  is  split  in  the  center  making  a  V  shaped  groove 
the  other  piece  is  chamfered  on  both  sides  bringing  it  to  a  point  to  form  a  V  tongue  to  fit 
the  groove.      In  welding  the  two  pieces  they  are  "stuck"  together  by  hammering  on  the 
end,  arid  then  on  the  sides  of  the  groove  piece  to  close  the  weld.     The  V  groove  should  not 
have  straight  sides  but  slightly  rounded  as  shown  so  that  the  slag  may  be  forced  out  in 
closing  the  weld.    Fig.  8,660,  jump  weldm    A  weld  formed  by  bringing  the  ends  of  a  bar 
together  and  Jumping  them  upon  the  anvil,  or  with  a  heavy  hammer. 


Steel. — ^Borax,  boracic  acid,  sodium  chloride  (salt) .     It  is  used  only  when 
the  metal  will  not  run. 

Mild  Steel  and  Wrought  Iron. — Same  as  for  steel,  used  sparingly 
or  not  at  all. 

Copper,  Brass,  and  Bronze. — Same  as  above.    When  used  for  brass 
make  a  paste  with  a  little  water. 


Alumintan, — Flux  consistB  of:  15%  lithium  chloride;  45%  potassium; 
80%  sodium;  7%  potassium  fiuoride;  3%  bisulphite  of  potaesium.  Another 
flux  for  alumiiimn  is  pl^Q  borax. 

Various  Welds. — These  may  be  classified  according  to  the 
way  the  ends  are  formed  prior  to  making  the  weld,  as 

1.  Scarf  weld;  3,  Lap  weld;  5.  Jump  weld; 

2.  Butt  weld;  4.  Clef t  or  split  weld     6.  Glut  weld. 

In  addition,  there  are  two  processes,  known  as:  1,  footing,  and  2, 
building  up.  Fagotinz  consists  in  assembling  a  quantity  of  iron  junk  such 
as  old  bolts,  pieces  of  chain,  turnings,  and  other  scrap  iron,  and  forging  the 
mass  into  a  billet  or  slab. 


amf  Uu  OHjIujiUiiullkiivdfc]  of  iron ,  the 
whole  behiE  n^ed  tocether  while  check- 
ing  the  le^h  w"-*-  -  - 
material  being  ci 

Thi«  type  of  we] . — ,^,  ,^^  ^ 

repair  work  wbere  it  i*  necsHaiy  to  main- 
tain  unchanged  the  length  of  uie  broken 

Pig.  8,052. — Making  e  tcaii  for  a  icarf  weld.  To  do  this,  the  upset  end  is  thinned  down, 
generally  with  the  peen  of  the  hammer,  drawing  it  out  thin  at  the  point  and  crawding  the 
meul  together  at  the  ttoct  by  drawing  the  hammerM  ahown  at  M .  The  facet  to  be  welded 
should  bo  founded  as  shown  at  5,  »  that  the  pieces  first  come  in  contact  at  the  center,  in 
order  to  give  the  <Iag  and  unpuntiea  an  opportonity  to  squee«  out  as  the  weld  is  being  closed. 

Building  up  is  the  process  of  making  a  multi-piece  forging. 

NOTE. — Tt  will  be  noticed  from  the  illuatration  of  the  various  weld  that  Die  tarfaiti  It 
{■  MOIl  cans  rouniterf  or  ciaBtd,  This  is  done  so  that  when  the  heated  ends  are  brought 
together  they  wiU  unite  first  m  the  center.  Any  slag  or  dirt  which  may  have  adhered  to  the 
heated  aurfacea  aiJI  »«  bt  firctd  mil  as  Uw  v/ildin/  procivis  from  tki  ctnUr  oMaard.  Whea 
naldng  a  lap  weld,  the  hammering  should  begin  at  the  center  in  order  to  work  all  th*  tita 

nut    aq  thflfai^Min  tKuAUAHTnnnt  miinifHl.  ^^ 
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Forte  #*!<«£■.— Several  kinds  of  fuel,  such  as,  cbarcod,  oeal,  ecdce,  and  | 
gas  are  used  for  heating  metal  in  welding.  Perhaps  bituminoua  coal  ia  : 
mostly  lued,  though  for  general  work  cake  is  considend  the  best.  { 

Welding  Methods. — ^Tbe  various  systems  of  welding  may    I 
be  classified:  1,  with  respect  to  the  method  of  workii^,  as  i 

a.  Hand  weldine.  b.  Machine  tvelding. 

2.     With  respect  to  the  treatment  of  the  metal,  as 
a.  By  hammerit^.    .  b,  Byfudng  (autogenotia). 


amhted.    It  ii  then  bated  la  ft  Innuice  and  vddsd  undir  i 


ptaco  in  ths  osntar,  or  th*  flat  pwc*  on  tba 


3.    y^ih  respect  to  the  method  of  heating,  as 

a.  By  forge  fire.  e.  By  txunbustiUe  meltioc. 

b.  By  blow  pipe.  d.  By  electricity. 

Blow  Pipe  Welding. — ^This  method  consists  in  uniting  the 


metal  fieces  by  means  of  a  blow  pipe  jlame  of  appropriate  temp- 
erature with  the  addition  of  metal  of  the  same  composition,  the 
joint  thus  obtained  is  called  autogenous. 

First  ozy-hydrogen  was  used,  in  the  blow  pipe,  then  o^-acetylene,  and 
later,  oxygen  and  coal  gas,  and  oxygen  and  b^i2ol,  etc. 

The  temperatttre  of  the  asy-hydn%en  flame  is  approziinately  4,000° 
Pahr.,  and  the  oxy-acetylene  flame,  6,300°. 

In  making  an  autogenous  weld,  the  torch  should  be  given  a 
Totary  motion,  accompanied  by  a  sl^ht  upward  and  forward 
movement  with  each  rotation. 


Pics.  8.654  tmd  S.OBS. — CarcM*  ih^H  ba  jump  and  Up  veldi. 
Pigs.  S^ftW  tod  S,A&T. — Inccnvot  ihapei  for  jump  mid  Up  welda 


Pica.  S.eSS  to  8.S03.— Dkvii-Boui 

being  admittad  to  the  miunc  chaiaber  at  sPpnciMblg 
other,  tbe  maalRiiiai  of  molecular  contact  of  the  two  ga 
of  both  gmaeu  ara  continued  by  revulatorv  o 
"pcBtJTe  mlztore  torch,"  a  for  Uflht.  mediuiT 
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This  movement  assists  in  blending  the  metal  and  reduces  the  liability 
of  local  overheating.  It  is  desirable  to  keep  the  metal  surroimding  the 
spot  operated  upon  to  a  fairly  high  temperature  to  prevent  excessive 
conduction  of  heat  away  from  this  spot. 

When  fusion  occurs,  new  metal  should  be  added  from  a  "weld 
rod"  of  suitable  composition. 

The  surface  should  be  thoroughly  fused  before  adding  metal  from  the 
velding  rod,  and  the  latter  should  be  held  dose  to,  or  in  contact  with, 
the  sunace. 


O 


Pios.  8,8M  to  8,886.— Themiit  pipe  welding  operation. 

and  coating  inEide  of  pipe  and  inside  of  mould.    Fig.  E. ,  ™.. 

ios,  displacinc;  slag  in  bottom  part.  Fig.  £.066.  both  slag  and  steel  in  minilil  but  eteel  sep- 
BTatcd  from  pipe  and  inouLd  by  ^m  of  slAg.  In  making  h.  butt  to  butt  thermit  pipe  weld, 
the  pipe  ends  are  first  faced  veiy  accurately  and  are  then  held  tightly  together  by  means  « 
clampB.  A  caat  irori  mould  ia  then  placed  aiound  the  pipe  enda  and  the  piopec  amount  c£ 
themiit  ignited  in  a  small  flat  bottom  crucible  or  ladle.  As  soon  aa  the  thermit  reaction  i» 
over  (about  t  minute),  the  contents  of  the  crucible  are  poured  into  the  cast  iron  moidd. 
The  liquid  alumina,  or  slag  which  floats  on  top  o£  the  molten  maw  in  the  erucftik.Daturalff 
goea  into  the  mould  first  and  covers  the  insde  of  the  mould  and  the  outside  or  tha  pipes 
with  B  protective  coating  which  prevents  the  auperhealed  liquid  ateel,  which  flows  in  afttr- 
wards,  coming  in  contac^t  with  either.  The  Jwat  of  the  entin  mass,  however,  lervei  to 
biirig  the  pipe  ends  up  to  A  welding  temperature  at  whit^  tuno  they  are  ^ueesed  together 
t^  means  of  the  clamps  and  a  butt  weld  efiecUd.  The  entire  thermit  mass  can  then  b« 
'  -  ■  -  ■  -■■■  -  rill  stici  to  either  the  pipe  or  the  mould.  A 
of  the  welded  pipe  but  the  msHe  diameter  ia 


Thermit  Welding. — This  process  consists  in  pouring  super- 
heated thermit  steel  around  ^  parts  to  be  united. 


L 
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in  ona  spot  continues  throughout  the  entire  mass,  without  the  supply  of 
heat  or  power  from  outside  and  produces  superheated  liquid  steel  andsuper- 
heated  liquid  sl^  (aluminum  oxide)  at  a  temperature  tk  approjdmatdy 

From  30  seconds  to  one  minute  is  sufficient  time  to  bring  into  reaction 
almost  any  amount  trf  thermit.  The  thermit  steel  when  poured  into  a 
mould  surrounding  the  ends  of  the  sections  to  be  united  dissolves  the  metal 
with  which  it  comes  in  contact  and  amalgamates  with  it  to  form  a  single 
homogeneous  mass  when  cooled.  It  is  necessary,  however,  in  all  cases  to 
preheat  the  sections  before  pourir^;  the  theimit  steel,  as  oOierwise  they 
would  exert  a  chilling  effect  on  the  incoming  metal  and  prevent  successful 


Fres.  8,667  and  8.668.— Thermit  pipe  clamps  and  mould.    Pig.  8,867,  pipes  held  in  cUi 
Moujd  partly  ii««nblwl  for, thermit  welding.    Fig.  S.668,  mould  ful^  «Hembled  n 


operation,  which 


Fics.    S,fl60   to    8.67 

2.— Mould 

for    thermit 

welding  o£  locomot 

ve  frame  that  has  been 

bralien  between  th 

pedesuis 

at  A.     The 

le  broken  1 

art  should  bo 

run  through  a  mte  to  the  love- 

the  mould  h,^™  shown  the  then 

ace'^tf^S^ 

through  gate  B,  end 

^e-l-.'V'mo': 

1  betwe™ 

the  ends  .of 

forciTTB  band  or  col 

ar  of  thera 

Tl  sMeTto  to 

ded.    Space 

G.  for  forming  this 

the  opening 

wax  j^  ordi- 

his  band  or  collar  thou 

dbeasind 

cated  by  the 

ckest  part  is  directly  o 

ver  thefra 

tn™  and  the 

?e"St^t 

^withX 

metal,  even 

hermit  steel  to  force  the 

ig  it  by  metal  which  has 

practically 

ctory  mate 

are  filled  and  tamped 

the  wooden  runner  and 

is  then  ready  for  pre 

heating  soi 

the  drying 

melt  and  run  out. 
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The  essential  sUps  of  the  operatuni,  therefore,  ar«  to  dean  the  sections, 
and  remove  enough  metal  to  allow  for  a  free  fiow  of  thennit  Bteel,  then 
surround  them  with  a  moiHd,  preheat  by  means  of  a  gasoHne  t<M^,  ignite 
the  thermit  m  the  crucible  suspended  over  the  pouring  gate  of  the  ntould, 
and  then  pour  the  thermit  steel* 


Fios.  S.6T3  luid  e.S74. — C  and  C  electric  i 
one  type  of  head  Bhleld  uid  combhutioi 
electiinei.    FiE.8,fl74,  gnphiMelectTodi 


L 


Fig.  8,87S.— Thomson  Beli 

oecond.    T6  ■_ 

yd  iniert  wto:  letun  Urer  at  riffbt 


ic  weldJDS  apMntui.  Pig.  8,678,  opentor  w 
electTode  bolder  lor  both  metallic  and  graph 
bolder  and  hand  ahield. 


Electric  Welding.— 

All  systems  of  electric 
welding  are  based  upon 
the  principle  of  causing 
a  current  of  electricity  to 
pass  through  a  high  re- 
sistance, thereby  goiera- 
ting  heat. 

There  are,  however,  im- 
portant differences  in  the 
manner  in  which  the  heat  so 
generated  is  applied  to  the 
welding  of  metEds. 

and  cut  out,  mercury  lUde,  with  nculator 
.  23  to  No.  16.  Power  l.B  he.  Time, 
risbt  to  poiition  ■howD',  hold  back  laroi 
V  oppoette  position;  preee  botton  and  the 
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Thonuon  Procwt. — In  tliia  method  «  current  of  dectndty  heats  the 
abutting  ends  of  the  two  objects  which  are  to  be  wdded ,  these  being  pressed 
together  by  mechanical  force,  and  so  arraaged  with  the  electric  current 
that  there  is  great  and  rapid  accumulation  of  heat  at  the  joint,  in  conse- 
quence of  the  greater  relative  conductivity  of  the  rest  of  tie  circuit. 

Zerner  or  Slectrtc  Blow  Pipe  froceM. — In  this  method,  an  tkctrie 

are  U  drawn  between  two  carbon  eketrodes.    This  arc  is  then  caused  to  impinge 

'  upon  the  metal  surfaces  to  be  welded  by  means  of  an  electromagnet.    The 

arc  is  pointed  to  conceatrat«  the  heat,  and  the  metal  is  fused  around  its 

point  M  contact  with  the  arc. 


Pios.  8.678  Mid  B.677.—FlMh ._._ 

mid.  AKiuAuHUuseneially.vwdonGtocIt 
Hurt  is  wide  and  thin;  where  it  is  reclanBular 
m  ihape.  and  where  it  ii  cot  possible  to  have 
the  wgkua«  faces  cut  aquare  and  true.  An 
upaet  attd  is  used  in  all  cases  vhere  tlie 
wvldisto  be  hammered,  M^^g  the  heat  sen- 
■    "  '    the  welding.     ■■      '  "  ---■ 


mid  is 


.    Onbrai 


es  tbe  diuiurter  of  *toek  between  the  dies  should  be 
jpper.but  onlr  once  the  diameter  ot  stock  is  actually 


through  the  e 
hy  applying! 


,  fig.  8.8T8.  . 

«;"'te;r 

much  poorer  conductors  of  electricity. 

le  w^  is  madel 


Beraadow  Froeei».—The  melal  to  be  welded  U  connected  la  one  poU  of 
an  electric  circuit.  When  iron  or  steel  is  being  welded ,  for  which  a  high  tem- 
perature is  needed,  the  metal  is  made  ths  poutive  and  the  carbon  the  nega< 
tive.  In  the  case  of  lead,  or  any  metal  requiring  a  comparatively  low 
-temperature,  this  polarity  is  revereed.  ; . 


Pmb.  SMI. — Dk*b-Bouraonv{tl*  ntjan^.  At  A,  u  dnwn  k  motor  rlmrtkt  aad  tncfac 
devicejKB,  tbacuttiiigWTcb.  ThsoxrgnalmMeabdDw.  TUimMchuM  wiu  cat  iteal  up  to 
tix  iochci  k  OiJckngH.  rt  tiia  nta  of  ttam  to  twdn  faidiiMper  aunuM,  ft  Ufger  Bie  csHni 
np  to  U*  in  thidcmn.  and  unther  modiflatioii.  for  cude  or  itrmiAt  line  cutni"  '— •- 
toldnainumorptataup  toZfthiek.    ItbuaafUcUlcally  WOpcQedToninctn 

i>  cnidHl  alons  the  lioea  <a  a  dmnng,  and  thacattaalUaM  wOl  nialiBan  euct  n^ 

in  one  outchine  of  one-bnU  tba  dimauioiii.  in  aootDK  of  the  «t>ct  tu*  of  dnmog.  anei 
csn  be  d«n1r  and  smoothlT  cut  at  ihort  analea  and  of  any  irresDlar  ahape.  Tbe  "■— >'int 
u  dcainibia  tof  die  malm*.  Uanldnc out  conaeotinanida,  cnok  ihafti.  etc.  Tlie  motra' can 
'   ' '    B.  liahtitBi  dnait  or  to  a  batterr.    Tba  antomatic  miintemipted  bed  adaati 


Pigs.  S,BS2  to  S.B60. — Genenl  hinti  on  «l«tik  irelding.  Out  Iron  cannot  be  commeidBlly 
welded,  u  it  iihigh  in  carbon  and  silicon,  and  pasae)  ■addentj' f rom  a  ciTitatline  tosfiuid 
conditkuwheabrouaht  up  to  the  welding  temperature.  Iron  or  tltal.  It  is  neceiury  to 
keep  the  temperature  below  the  mcltinapomt  ta  ftvoidiniury  to  tha  metal,  and  consequently 
contidefablfl  brcaure  is  required  to  mue  the  weld.    The  fitoclr  should  be  placed  in  the  diei 

' ■  -"-        "  """' "--.h  weld,  and  asBhown  in  fig.  8,883 /or  an  upset  weld,  Arepie- 

itock  to  be  welded.    H/ph  eor6on -(eel  can  be  welded.  Imt 

— ig  to  overcome  the  strains  kc  up  by  the  heat  being  applied 

locally  at  one  place.  Good  commefcLal  results  are  hard  to  obtain  when  the  carbon  'una  as 
Mgh  »«  point  75  or  above,  and  csn  only  be  done  by  an  eiperienced  operator.  When  below 
pmnt  ZS.  the  operator  can  always  be  Eure  of  making  a  good  weld.  To  weld  high  caibon  iteel 
to  low  carbon  steel,  the  stock  should  be  clamped  in  the  dies  as  shown  in  fig.  3,084.  with  the 
low  carbon  atock  extending  considerably  further  out  from  the  diei  than  the  high  carbon 
Mock.  Nickel  ileeL  This  wctd*  readily,  and  a  tmaU  percentage  of  nickel  materially  in- 
creases  the  tensile  strength  of  the  meul.  Iron  to  coi>p*r.  These  metals  can  be  welded  to 
ew:h  other,  but  it  will  be  lound  necessary  to  reduce  the  cross  section  of  the  copper  as  shown 
in  fig.  8,085,  COaptr  and  bmtt.  When  welding  copper  and  brass  the  pressure  must  be 
leu  than  when  weldina  iron.  The  metal  is  allowed  to  actually  fuse  or  melt  at  the  juncture, 
uid  the  presiureahoufd  onlv  be  suflicient  to  force  out  the  burnt  meUl,  This  bumtpoit^n 
bans  forced  out,  accounts  for  the  good  results  obtained  in  welding  these  metals.  The  cur- 
nut  must  be  cut  off  the  instant  the  ends  of  the  metal  begin  to  soften.  This  b  done  by  using 
•n  automatic  twitch  which  opens  at  any  predetermined  point.  The  sliding  head  is  actuated 
by  eiUier  a  spring  or  weight  to  force  the  heads  together  as  soon  as  the  met^  softens,  and  this 
automatically  operates  the  awitch.  As  copper  and  brass  are  good  conductors  of  the  electric 
cunent,  a  larger  volume  of  current  at  lower  Becondary  voltage  is  used  and  the  sliding  heads 
are  arranged  to  move  with  the  least  possible  friction.  The  dies  should  be  set  apart  appmiu- 
nwtelir  three  times  the  diameter  of  the  stock  tor  brass  and  four  for  copper.  See  figs.  8,886 
aDdS.fl87.  A.  represents  the  dies,  and  B,  the  stock  to  be  welded.  The  welds  when  properly 
made  will  stand  the  strain  of  the  rolling  or  drawing  process  to  reduce  them  to  a  smaller  siie. 
Spot  iveUlng.  To  weld  two  pieces  ol  sheet  steel  at  one  small  place  or  spot  is  called  spot 
welding.  For  convenience  of  handling  the  stock  this  is  usuelly  done  in  a  machine  m^ 
vertical  clamping  dies.  Where  the  siie  and  shape  of  the  pieces  to  be  welded  will  admit,  the 
work  can  be  done  in  a  butt  welder  equally  as  well.  In  this  case  one  of  the  dies  is  sUghtly 
pointed  and  the  stock  welded  between  the  dies  as  shown  in  fig.  8,688.  Another  way  is 
ahown  by  fig.  8,889.  where  two  pieces  of  copper  rod  C,  one  of  them  slightly  pointed,  are 

two'pointed  dies  instead  o^ne  flat  and  one  pointed.  Juntp  amldli^.  This  is  for  light 
stock  only  and  the  best  results  are  obtained  by  slightly  pointing  one  of  the  pieces  as  showa 
m  fig.  S.eeO.  The  other  piece  is  held  with  a  portion  extending  outside  Che  die,  then  bring 
them  together,  turn  on  the  current  and  weld  quickly. 


4,326  -  966  WELDING 


This  process  is  especially  adapted  to  the  filling  up  ci  blow  holes,  cracks, 
etc.,  in  steel  castings. 

SkLVianoft  or  Modified  Bernardos  Process, — ^In  this  method,  an 
electrode  which  is  of  the  same  material  as  the  metal  to  he  welded  is  used  instead 
of  a  carbon  electrode, — ^This  change  is  made  so  as  to  prevent  the  hard  tt^ds 
which  sometimes  result  with  the  Bemardos  or  Zerener  processes,  owing, 
princip^y,  to  the  transfer  of  carbon  from  the  electrode  to  the  weld.    A 

;  direct  current  of  about  130  amperes  and  24  to  26  volts  across  the  arc  is 

.  adapted  for  this  process. 

Hoho  and  Lagrange  Process, — The  apparatus  used  usually  consists 
of  a  lead  lined  wooden  tank,  filled  with  an  electrolyte  of  any  conductii^ 

liquid  solution,  either  alkaline  or  add, 

'•< 

The  positive  pole  of  a  dynamo,  etving  usually  about  200  volts,  is  con- 
nected directly  to  the  inner  leaden  sheath .  The  oar  of  steel  or  other  metal 
to  be  heated,  is  connected  to  the  negative  pole  and  plunged  into  the  bath. 

\     Directly  the  bar  touches  the  liquid,  electrolysis  is  set  up  and  the  water 
^splits  up  into  its  component  parts,  the  oxygen  going  to  the  leaden  sheath 

and  the  hydrogen  clinging  to  the  metal,  forming  a  complete  gaseous  envelope 

around  it,  and  thus  preventing  the  metal  actually  touchmg  the  solution. 

Here  again,  a  high  resistance  to  the  flow  of  current  is  offered  by  the  hydrogen 

sheath,  and  the  electric  energy  is  transformed  into  heat. 

It  is  difficult  \7ith  this  process  to  control  the  temperature,  but  some 
practical  applications  have  been  made,  one  of  the  most  successful  being 
the  annealing  of  wire  by  passing  it  rapidly  through  the  solution. 

A  modification  of  the  system  consists  in  replacing  the  liquid  by  powered 
carbon  or  charcoal ,  the  article  to  be  heated  forming  one  pole  j  and  uie  carbon . 
the  other  pole.  When  the  article  touches,  or  is  insert^  m  the  powdered 
carbon,  the  resistance  of  the  latter  and  its  poor  contact  with  the  metal 
generate  heat  which  is  conducted  to  the  object. 


9«7-4^27 


CHAPTER  146 

X-Rays 


These  rays,   discovered   by   Roentgen    were    called    X-rays 
because  of  their  unknown  real  nature. 

Some  sdentists  have  r^;&nled  X-rays  «s  light  rays  of  -very  snutU  wave 


Pic.  S,e01.— Single  tocui  X-ny  tuba.  In  Ihti  iubt,  &c  copper  win  A.  ii  the  aurf*,  the 
cup  ilupeil  iJuininuni  pUte  C.  the  cathode,  and  the  thin  pUte  oT  plitmum  foil  A,C,  ii  tba 
aMi-tMhodi,  The  copper  wiie  connectiiu  tho  anode  with  the  eoU-CAthode.  miucn  tbe 
Utter  the  miode.  In  operation,  the  othode  r»yl  repreiented  by  the  duk  cone  D,  coQ- 
TergB  onto  the  inclined  eurface  of  the  enti-cathode,  eo  tut  the  latter  becomes  a  point  laurct 
<!fX-Fojj,tlio  my*  being  tadiited  in  all  direction*  m  ihownby  the  broken  lima.  The  anti- 
eitbode  ii  made  ofplatinuni  lo  ■■  to  enable  it  to  reiist  the  powuf  ul  bestisB  eSecti  o[  the 


length,  but  the  soiinder  theory  seems  to  be  that  they  are  instantaneous 
in^ulftes  produced  by  the  impact  of  electrons  upon  the  anti-cathode. 
They  may  be  likened  to  the  sound  waves  produced  by  rain  drops  on  the 
not,  not  of  a.  definite  pitch.  The  velocity  oi  X-rays  is  probably  the  same 
U  that  of  Hertzian  waves. 

The  exact  nature  of  the  X-ray  is  still  under  discussion.    The  most 
mcmly  accepted  eicplanation  is  that  it  is  a  distiubance  of  the  lununiferous 
either  sinular  to  visible  light,  but  having  much  shorter  wave  length  than 
ultra-violet  light. 


u 


432S-96S 


Bist  of  a  vacHum  tube,  a 
tery ,  and  an  inductioii  col  nil 

interrupter. 

If  an  electrical  disciaiEe  a 
passed  through  a.  vacuum  tcbe 
exhausted  to  a  Crookes  vacmc 
(much  higher  d^iee  erf  a- 
haustioQ  than  in  the  tuba  d 
Hillorf,  Geissler  and  Laart 
X-rays  are  produced  whenerc 
the  cathode  stream  is  amsted 
by  the  walls  of  the  tube  c: 
DMftallic  objects  therdn. 

The  cathode  stream  is  t* 
liered  to  be  a  discharge  (rfncf- 
atively  charged  dectnms  baz 
the  surface  of  the  cathode, 
g  valvo  tube  ie  iiKed  aa  bq  •aMrnr  e 
It  Bi 


ktins  the  heat  ni;i  protongi  the  lifa  of  tha  JC117  B 


PlO.  8.eS3,— Fluoncope.     ThU  di 
. — ^(orthaeye«»tB,a-^-- 


irubrla  0/  s  Ui^t  tis)it  box  A.  pniTidid 

C.at  theoppoEttaenqforthefluoreacingii 


id  tighll; 


■its- 


iabeldaguiaik 


T^  latter  conwti  of  >  piece 
cryitala,  which  fluorem  under  the  HCtion  ot  A-ray 
face  bjr  meani  ot  the  handle,  and  the  aperture  B. 
eicluda  all  outiids  Ueht.  and  the  scimd  placed  ni 
flucrejce  with  a  greeniah  yellov  light. 
Pig.  8.6M.— X-rar  Suoreacent  ahadov  of  the  bones  of  the  hand  and  wrist.  If  a  hud.  tr 
instani:e.  be  placed  bctwem  the  Bcreen  and  the  tube  of  the  fluorscope  (Sg.  S.S93)  tlKX-n7> 
will  pass  through  the  fleshy  parti  and  impinging  on  the  screen  will  cauae  it  to  fluonici,  IK, 
bdnfljnteit^eptedby  thebonei,  willqot  aSect  taeacreen,  thualBaving  thervon  axhadDvcr 
ture  of  the  banes  aaahown.  It  il  inunatenal  whether  the  screen  be  placed  in  the  IxiUats 
with  the  crystal  coated,  or  opposite  aide  turned  to  the  eye  aperture. 

Fluorescing  Screens. — Examination  of  objects,  such  as  tie 

bones  of  the  hand,  foreign  bodies  in  the  system,  etc. ,  are  aui 
With  the  aid  of  a  fiuorescing  screen  or  fiwroscope. 
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therefore,  in  ctrder  to  obtain  a.  maximuni  illuminatiaii  and  consequently 
a  sharply  defined  shadow,  the  scTeen  should  be  held  close  as  pcesible  to 
the  source  of  X-ray,  and  the  hand  ckrae  to  the  screen. 

Radiographs.— A  picture  taken  upon,  a  photographic  plate 
by  means  of  X-rays  is  called  a  radiograph. 

To  take  a  radiograph,  replace  the  fluorescent  screen  of  the  fluorascope 
by  a  suitable  photographic  plate,  give  it  the  proper  eicposure  and  develop 
as  in  photography. 

Radiographs  may  be  made  on  photographic  paper,  films,  or  glass  plates. 
For  best  results,  however,  specially  prepared  X-ray  plates  with  double 
coating  should  be  used. 


f  lo.  S.flOS. — Scheidel- Western  suit  case  portable  coQ.  Thepartntre:  A,  caihsdF;  B,  anode; 
C.  MiiataTit  anode;  D.r^utatuigchunber-,  F.  regubting  adjuster;  G,  tube  holder;  H.  tube 
holder  (oclcet;  I,connectioa  tapes;  J,  left  hand  terminal  post :  K,  right  hand  terminal  post; 
L,  rwilsting  rod;  M,  main  lins  awiteh;  N.  connecting  cord;  O,  connecting  cord  Eoclcets; 
P,BelectOTBwitch;0.,iateRUpterBparkgBp;  R,control!erswitch;  S.  D ' Arson val ;  T,  cautei; 
■  "        Btio  lamp;  tJ,«in»uoidal  current.    Any  electric  lighted  diaguoeticinitraments  may 


be  lued  with  - 

pain  ia  applied  by  means  of  metal  or  moist  electrodes,  conne 
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Fio.  B,BQ6. — Rugcn  Tiolet  ny  higli  tnqiuncy  esnentor  irith  cub  *bA  elcctrodca.  Tha 
genentor  »  equipped  with  cailg  wound  to  jaoaaet  very  b-'di  volUaa  wid  Mcillatian  tad 
Bmenta  coniidenble  heat.  itopenUmma.tbaa,c.rKdx.  <hws(lnv  IrutriwIlcHHr 
1,  connect  the  KCoeratoT  to  Any  or  Jiniir]!  lamp  lockM,  110  volM,  dcW  a.c.  or  d-c.  K^PUca 
the  genenJ  applicator  (No-  1)  in  the  >^«nJI»  of  the  mnerator  by  fiently  preBung  it  into 
fjace  until  it  rats  eolidly  iu  ths  aocket.  3,  Reffukla  thie  itniisth  of  cutrentjnr  tarninc  tlu 
adjusting  screw  on  the  machine-  Turning  to  th»  right  inueaaaa  strenffth.  ^imiaff  to  the 
left  decreasei  strength.  Test  thg  itiensth  ot  ctunot  by  plsdng  tba  electrode  about^  inch 
F»»«  •!..  ^c^ir^^f  <>,>hart/?  OTiH  ^f  *^-^"">«*4,  noduce  until  proper eSect  is  attamed.  4,  Apply 
M  tnsted,  incnasing  tb*  cunvnt  M  the  tismM 

.^^.^...^ , , -  -, J  .,,.-  -_  m  this  "■"fwrr  for  five  to  tea  rainutest  or  until 

idief  ii  obtained.  Use  sev«iil  times  duly  it  desind.  S.  Oood  nsults  are  abtnuied  sfter 
above  application  by  lettiofT^tient  bold  No.  13  metal  alectiode  in  one  hand  and  have  a 
second  peison  massJ  n  the  diseased  area  directly  on  the  gldn  with  UyhC  pressure.  In  this 
way  the  current  is  drinn  through  the  titsues  to  sfBicted  parts.  It  u  well  to  tipplx  eiths 
talcum  powder  or  hi^ih  frequency  lubricant  on  all  areas  where  tha  surface  electrode  is  to  be 
used  in  contact  with  the  sUn,  as  it  render!  the  sutfacs  smooth  and  prsventi  tlw  alMtiode 
from  sticking.    In  same  conditions  the  first  few  treatments  may  apparently  MS>wate  tb* 
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Electro^therapeutics 

By  definition  electro-therapeutips  is  the  treatment  of  disease 
by  electricity;  it  embraces  the  laws,:  j>niiciples' and  dqiitrines  of 
such  treatment. 


Electricity  is  cf 
special  value  in  the 
treatment  of  various 
forms  of  nerve 
lesion,  thus  giving 
a  distinct "  place  in 
the  practice  of  every 
reputable  physician. 

The  kinds  of  elec- 
tricity used  may  be 


■   I.  Static; 
Z.  Current ;_ 
3.  Radiant. 


Fig.  8, MS  .^Toqiln^HolUinHMence  machine,  fnopn^un.incnuingthedistuuiebctwaa 
the  Imoln  of  tin  aischarging  rods  will  givs  an  incriMe  of  pressure  attended  by  a  diminiihed 
frequency  oidiKhaiHe.  rjU(f«lQflik<Z^dfli>ariutodiimnuhtheelectrcstaticniaiitaiK« 
belnFeen  tha  main  temunili  otUia  machuiB.  tbocbv  enabling  a  given  roltaoe.  to  acciuuulata 
a  greater  chaige  betwaco.tha  tanmiiali. 
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Such  terms  as  gahanic  eUc- 
tricily  (produced  by  means  of  a 
primaiy  battery),  and  faradic 
electricity  (produced  by  second- 
ary induction  coils),  are  com- 
monly, though  ill  advisedly, 
used  by  the  medical  profession. 

Induction   Coils.— These 

are  employed  chiefly  for  the 
application  of  currents  of 
varying  voltage,  strength, 
frequency  and  wave  form 
directly  to  the  patient,  and 
for  supplying  the  high 
frequency  current  required 
for  the  operation  of  vacuum 
tubes. 


Hi^  Frequency  Apparatus. — This  is  used  for  therapeutic 
or  radiographic  purposes,  and  includes  various  forms  of  alter- 
nators producing  directly  frequencies  up  to  10,000  cycles  per 


Fia.  g  TIM.— Dii«rBin  showing 


II  of  a  mcdicil  indi 


iect«d  to  the  vrbnting  ip 


Hion  eoa.     Pi  and  Pi,  an  th* 
..._  Si.  those  of  tha  HcondBiT  coil. 

itemiptetA. 


ELECTRO-  THERAPEUTICS 


973-4,333 


second;  powerful  induction  coils  charging  condenser,  which  pro- 
duce high  pressures  through  the  discharging  circuit,  in  a  maimer 
similar  to  that  of  influence  machines  through  the  medium  of 
Leyden  jars;  and  suitable  influence  machines. 

Interrupters. — For  the  successful  operation  of  an  induction 
coil,  the  current  must  be  rapidly  interrupted.  There  are  various 
methods  of  interrupting  the  current  which  may  be  classed  as: 
1,  magnetic,  2,  electrolytic,  and  3,  mechanical. 


Pic.  S,T07. — ColuRitni  DHHie  Bcnentor.    In  opaMllon,  ■  euirent  of 

high  frequency  ducharf^e  and  throueh  a  ruervoir  coDtaioin^  oils  of  eucmlyptufl 
needles.  The  Tipor  is  inhaled  by  the  patient  and  ii  uid  to  have  an  oiydiiing 
leptic  eSect;  desirable  in  treatment  of  ^  *"*■**  of  the  nspiratorv  or^vjid. 


ihrODCb  tti 


Rectifiers. — The  physidan 
whose  office  is  suppUed  with 
alternating  current  finds  it 
necessary  upon  the  installa- 
tion of  a  wall  plate  to  put  in 
some  device  to  change  the 
alternating  current  to  a  di- 
rect current  possessing  the 
proper  proportions  for  use  in 

Ftcs,  G.TOSand  8.706.— Wehnelt  dectrolytic  interrupteis,     Fig.  4.617.  S  fcaai  intemipter: 

fig.  *,918,  1  point  intemipter.    In  Hie  multi-point  type  two  or  moii  anodes  can  bo  used  at 
one  time  in  parallel,  thua  njon  current  can  be  passed  thiouah  the  primary- 
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galvanic  application.  Alternating  current  may  be  changed 
into  direct  current  by  means  of:  1,  rotary  converters,  or  2, 
rectifiers. 

Both  are  satisfactory,  but  the  converter  is  much  more  expensive   to 

GuirentB  used  in  Electro-therapeutics. — Many  kinds  of 
electric  current  are  used,  to  secure  different  effects,  all  of  which 
may  be  classed  as 


Pic.  8,710. — Scheidel-Wtttem  mereuTy  turbioe  or  mechanical  tntmrmiifar.  When  ui 
Induction  coil  ii  xaeA  with  direct  cuinnt  for  coniidenbls  periodi  Eor  X-nr  treBtmoit,  tot 

dnbrbla  than  the  elcc^lytic  type.    If  u  clectrolvtii:  intcmptci  be  uied  f  or  nich  wijrk.  the 
Mlution  hcfU  fay  continuBl  use,  th<  nte  o[  intoruption  vuia  uid  there  it  conaidaaUe  mu 

Fra.  8.711. — Scheidel-WBtirn  unli-acid  itilemipter.  In  this  type  of  interrupter  im  nIlBliiw 
•olution  ii  uwd.  By  uBng  mn  ■luminuni  pUte  in  pUce  of  the  lead  plkta,  it  ucU  u  tl»  aJtet- 
nvtine;  current  both  M  &  rectifier  and  an  intemptei. 

1.   Direct;  2.   Intermittent;  3.  Alternating,  or  some  modifi- 
cation formed  by  combination. 

The  apparatus  used  permits  of  many  modifioiticms.  Usually  a  dial 
adector  switch  is  provided  by  means  of  which  any  of  the  currents  may  be 
obtained,  thus  rHiduong  various  changes,  as:  frequenor  control;  primuy 
laradic  vave;  secondary  faradic  wave,  intorupted  galvanic  wave;  com- 
bined tialvanic  and  faradic  wave,  etc. 
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I.  Ctmhintd  Galvanic  and  Farodic 


3.  Ramd  Sinusoidal    laoo  Cycles  Hr  Minuta 


4k  FnrnanfFamdxe 


5  Secondary  rorodic __^_ . 

poalvanic 

f  ^  '..._'  ' 

Z  InUrruptod  Galvanic  3to991ntt>rM9ttmna Fb^  iMfMittc 


S.l?iafviostu  Lamp' 
Sl  Coutery. 

10 Combined  Oolvonic  and  Faradic  Wave  3tod$  CycUinrMin. 

iZOurgingSivmsaidai.  $taiT0  /Vri#df  l%r  JUlmita 

/J.  Pri-m avy  Famdic V^ave  Jto  88  Cye  l«j  JVr  MtnufiL 


/4  Secemdar^  Taradic  u&vc   5f0  09  Cycles  IVr  Mlnuta 


/5.5I9M  Siiwfoidal.  Jfeas  Cyrire  l%v  Mbmte 


16.  /ntrrricjvred  Galvanf c  \yave  Jt«08  /nffrru|pei«tt  IVr  AlEnvte 

ics.  8,712  to  8,725.~Modalitae9  of  the  Mcintosh  umvetsalmode.    In  addition  to  the  Mzieea 
fflustrated,  the  foUowing  ere  eko  evaileble:  17,  mnrheniriil  vibnttory  massage;  18,  nasal 


24,  Bier's  hypcxcmia. 
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The   Selection  of 
Electrodes.  —  Keis- 

wanger  is  partial  t: 
copper,  Massey  hol6 
fast  to     zinc,   a:;' 

Martin  is  a  strongad- 
vocate   of    platinuc 

The  matter  ikC: 
resolves  itselC  to  u 
question:  "Shall  t- 
particular  electrode  \t 

—Dr.  Rice'i  epilationjet  compiising  electrode*  necessarr  tor  epiT»tion  iKrar:-; 
ethod  introduced  by  Dr.  M»v  Rkv  <rf  Chiciso.  The  >et  conUuns:  F»«  i:= 
ipunesthetiieri  needle  holder  wiEh  megnifybB  glut;  foiceps;  buid  spongHi  elf  :l-^ 
KUDted  epiiater  needlct;  brotcbes  fot  anwitu. 


iT 


7ic  R  727 —Columbia  electric  light  bBtt  cabinet,  /n  uelnff.  it  should  be  noted  tlal  0-t  r. 
lioKi  Divins  the  thermal  Tayi.  acts  Bl  a  nerve  gticaulant.  bavins  ■  ipccial  eBed  i:  u- 
implthilfd  nerv  "™yst«i;  and  through  thii  on  aU  (unctionTof  tSTiii™!  «.-^- 
Usedas  a  Reneral  tonic .  this  ii  the  most  ta  tufactory  color  and  valuable  in  contusions.  tr.L-= 
sorains  etc  ThegieenhghtcantBinltbeluminouluyiaDdacttkaamildsedalire.  :-^ 
heht.  containing  the  chemical  or  actinic  nya,  ii  a  mora  pronounced  aedative,  dimiri---;' 
pain.  lectilying  metabolism  and  is  tk  local  anestlietic. 

Figs.  8.728  to  8,731.— Dr.  Abrann' reflei  set  for  tl»  phj^daa  wIk>  de«re«  to  test  ttt  ^ 
of  coDCusfiion  accordingE  to  Dr.  Abrami'  method.  Th«  hammer,  tor  erolong  ^tr.^'^ 
refleies.  is  called  a  pitior.  It  ia  employed  lot  diacnostic  pufpoKa  and  aa  a  ctc.-.^- 
■  pparalin  in  spondylotherBpy.  Many  use  it  eielmively  to  atUin  their  therapeulK:^.^ 
Thsp/eilmeFer  is  □{  metal,  covered  at  on*  end  with  lubber  and  u  employed  concur- - ' 
nith  the  pieior.  Tht  tingle  prongtd  inttrumtnt  la  uted  for  demonstratiat  i--  ~ 
paravertebral  tenderness.  Belter  than  the  finseiB.  Thm  tma  pronmUd  imlrt'^ 
IradicularpiesSDr)  is  employed  farmaldni  bilatatalpnouteoa  the  roota  Of  the*pi»-~~' 
at  their  eut  from  the  intervertebral  fonunina. 
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GoIuUe  or  insoluble?"  Copper  is  a  very^  Ecryicea^le,  all  round  metal,   and 
'""    occasionally   be    replaced    by    zinc    or     iron;    but    nickel     plated 
. : .1—  „e  .i.„_ __(]  „g  unexcelled  for  certain 


'3&.—Tii.  Ricels  wOai.  electiode. 


Pla^.733.— JobDion'B  hydio-electiic  rectal  tube. 


Ptc.  8.734.— MkcLkgaa  lUMiuidal  controller  for  wnirine  a  npid  liniuoidal  cuneat  for  ctnt- 
Dcclion  oith  110  volt,  ultenulina  current  circuit.  Tha  appaiatua  consuta  of  a  cuireot 
controllM  or  rheoaut  wound  with  a  fine  quality  of  roiitance  wito  controlled  by  a  kver 
which  pcmiita  of  a  gradual  lOcreaH  or  decreaie  d  tbe  curnnt  HrenEtli  absolutely  without 
■boclc.  The  rapid  linuaoidal  ii  deaiiable  in  constipation  and  other  gutro-inte&tinal  di»- 
orden.  Inaciatica,  lumba^  and  neuritil  it  ia  of  tieat  value.  Thil  cuirent  can  be  UKd 
to  elicit  the  Tefleiea  according  to  AbramA  by  applying  one  electrode  to  the  Bpiualcenter 
and  an  indifTeient  pad  at  tha  lacium.  Af.Ua  ««venUi  ceivkal.the  heart  and  aorta  are 
contracted;  at  the  finh  dorsal  the  pylonn  is  opened,  dischariing  eontnu  of  stomacli  into 
duodenum;  the  tweUth  donal  contiacta  tha  proitate;  at  the  aevenlh  and  eighth  dorsal  tbe 
abdominal  muldea  ate  contracted;  and  at  the  aecond  lombar  tha  ateiuB  and  ovariea  aia 

Fic  8.735. — Mclntoah  monomotive  rhentome.  for  interrnptiiiK  ^Ivsnic.  faradic.  or  unuiotda] 
current  for  therapeutic  anilicatioD.  The  range  of  irtemiption  13  f  rom  30  to  400.  ThMtnatru^ 
jruni  eoiubttoft  dock  woric  mediiniim  with  platinum  tipped  contact,  and  is  woundup 
with  akey,  ruoninR  45  minnteawitha  (ingle  winding.  M  ooiuiMllnp.  it  it  place)  in  (erica 
"a  patient  and  battery  or  other  appatatu*.    In  adjiating,  the  lever  is  tamed  to 
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GfllTanic  Therapy. — ^The  importance  of  the  galvanic  current 
in  gynecology,  rectal  work,  urology  and  for  cosmetic  purposes  is 
recognized  by  all  engaged  in  these  branches  of  practice.  The 
galvanic  current  possesses  the  following  properties: 


PositiTe  Pole 

1.  Oxysen; 

2.  Aod; 

8.  Will  9top  bleecting; 

4.  Sedative; 

6.  Hardens  tissues; 

6.  Is  an  add  caustic  and  the  re- 
sultant dcatriz  is  hard  and  un- 
yielding; 

7.  Is  a  vaso  constrictor. 


Negatlre  Pole 

1«  Hjrdrogen; 

2.  A&aUne; 

8.  Increases  bleeding; 

4.  Produces  hypersensitiveness; 

6.  Liqtdfies  ana  disint^rates; 

6.  Is  an  alkaline  caustic  and  the 
sultaat  dcatriz  sASoCt  and  pliable; 

7.  Is  a  vaao  dilator. 


.jr 


I 


IfvsMm  8.7M  to  8.742. — ColumbU  vacuum  electtodes. 
thfoat;  6.  rectal;  0.  Tftgiiua;  7.  handle. 


1,  suzface;  2,  natal;  %,  urethral;  4. 


Fig.  8,743. — Neiswanger's  perforated  copper  ball  electrode  for  galvanic  current.     May  be 
used  as  an  irrigating  electrode. 


Sinusoidal  Therapy. — ^The  value  of  the  sintisoidal  current 
has   been   proven    in   many   chronic   nervous   and   muscular 
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conditions  not  amenable  to  drug  therapy,  such  as  atonic  con- 
stipation, prostatic  hypertrophy,  splandinic  ei^;oigement,  loco- 
ataxia,  anterior  pohomyelitis  menoirhagia,  prolapsed  ovaries 
and  many  other  cases. 


not  found  before,  frequently  sppean  after  adnunistiation  of  the  cmrent. 
After  a  number  m  treatment  it  is  much  len^  evident,  as  it  is  looked  upoa 
aa  the  product  ^  ptoteid  putrefocti<ai.  The  inference  is  that  the  sinusmdai 
current  tenda  to  lessen  toxic  intestinal  products  thrtnieb  improved  intnt* 
abcloimnal  circulation.    In  general  terms,  it  may  be  saiotbat  the  sinusoidal 


FiG.S,741. — Uclatoili  Bppustui  (bOHUis  ipplkstion  of  mMhonlcaf  SL 

clftimcd  for  mechEmcu  vibration  an:  1.  Caidk  activity  i>  Tesill*t«d-    BLood  pi , 

be  lowered  Tefleilr-  It  nw/  b«  laited  «1».  2.  Contncti  artoial  blood  veiidi.  If  piD- 
looind,  diktiou  renihi.  Pulie  rate  may  be  towered.  3.  It  iodnoe*  many  raflax  dMct* 
aa  well  at  motoi,  Mnmv,  •ecntory  and  VMO-motor  effecti.  It  lenena  and  lemovet 
bypMMtivity  of  nnyea.    It  dimhiiihea  pain  and  relievei  congeation  not  du*  to  otganie 

muacle*  and  cauaa  relaxed  and  athrophied  muade*  to  becoma  fitm  and  incmata  ja  UM. 

aiid  dytponea.    Impcovea  nqi«t)«ii    B.  Pitninbhea  aiie  of  dands,  dincUjr  and  nflnb. 


Mechanical  Vibration. — ^This  is  a  remedial  agent  of  proven 
value.  Massage  is  one  of  the  oldest  forms  of  physical  therapy, 
in  fact  it  is  almost  as  old  as  medicine  itself. 
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PiQ.  8,746.— Melnlosh  unjveisal  cautery  tnmsformei. 


"blades  requirii 


require  from  25  to  35  amperes  at 
one  volt,  or  from  25  to  35  watts. 
According  to  E.  L.  Smith,  M. 
D.,  thedegree  of  heat  of  the 
platinum  point  is  important. 
Cherry  red  heat  ia  generally 
used.  The  object  is  to  press  the 
mucous  membrane  down  to 
the  periosteum  with  the  edge 
of  the  electrode,  with  the  least 
amount  of  cicatrical  tissue. 

If  hypeneiuilJTo  anu  are  to  be 
•IcitTored.tliFa  use  the  electrode  flat 
with  white  lieBt  ■ndmaluieupeTficial 
burn.      When    the  pUtinum    point 


e  energy  then  the  narrows 


Electro  -  Caut- 
ery. —  This  treat- 
ment utilizes  the 
heating  effect  of  the 
electric  ciurent  for 
surgical  purposes. 
Various  forms  of 
cautery  knife  are 
used. 

They  consist  of 
suitably  shaped  plati- 
num wires  which  re- 
q  uire  difierent 
amounts  of  electric 
etier^  to  render  them 
r«l  hot,  depending 
upon  the  snnace  <d 
heated  metal  which 
they  expose  to  the 
air.  The  broad  flat 
The  broadest  blades 


■t  passed  throtigh  %t 


.  -^  .^  mnond,  then  the  i«»» 
flowing  wire  is  pulled  thrDugh 
SBter  voHage  to  Bend  k  sufficient 
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CHAPTER  147 

Prone  Pressure  Method  for 

Resuscitation 

Recommended  by 

National  Electric  Light  Association 
Follow  These  Instructions  Even  if  Victim  Appears  Dead 

/. — Free  the  Victim  from  the  Circuit  Immediately. 

1.  Quickly  release  the  victim  from  the  current,  being  very 
careful  to  avoid  receiving  a  shock. 

Use  any  dry  insulator  (rubber  gloves,  clothing,  wood,  rope,  etc.)  to 
move  either  the  victim  or  the  conductor.  Beware  of  using  metal  or 
any  moist  material.  If  both  of  the  victim's  hands  be  grasping  Hve  con- 
ductors endeavor  to  free  them  one  at  a  time.    If  necessary  shut  off  current. 

Begin  at  once  to  get  the  subject  to  breathe  (resuscitation),  for  a  moment 
of  delay  is  serious.  Use  "Prone  Pressure  Method"  for  four  (4)  hours  if 
necessary,  or  until  a  doctor  has  advised  that  rigor  mortis  has  set  in. 

?.  Opeu  the  nearest  switch,  if  that  be  the  quickest  way  to 
break  the  circuit. 

3.  If  necessary  to  cut  a  live  wire,  use  an  ax  or  a  hatchet  with 
a  dry  wooden  handle,  turning  your  face  away  to  protect  it  from 
electrical  flash. 


NOTB.-^Oteerre  the  Following  Preeautioru:  a.  The  victim's  loose  clothing,  if 
dry,  may  be  used  to  pull  him  away;  do  not  touch  the  soles  or  heels  of  his  shoes  while  he  remains 
in  contact — the  nails  are  dangerous.  If  this  be  impossible,  use  rubber  gloves,  a  dry  coat,  a 
dry  rope,  a  dry  stick  or  board,  or  any  other  dry  insulaior  to  move  either  the  victim  or  the 
conductor,  so  as  to  break  the  electrical  contact,  b.  If  the  bare  skin  of  the  victim  mtxst  be 
touched  by  your  hands,  be  sure  to  cover  them  with  rubber  gloves,  mackintosh,  rubber  sheeting 
or  dry  cloth;  or  stand  on  a  dry  board  or  on  some  other  my  insulating  surface.  If  possible, 
use  only  one  hand.  If  the  man  receive  a  shock  while  on  a  pole,  first  see  that  his  belt  is  secure 
around  the  pole,  if  possible  above  cross  arm  so  victim  wiU  not  fall,  then  break  the  current. 
Pass  a  hand  line  under  his  arms,  preferably  throtigh  his  body  belt,  securely  loiot  it,  and  pass 
the  end  of  the  line  over  the  first  cross  arm  above  the  victim.  If  you  be  alone,  pass  the  line 
once  around  this  cross  arm .  If  you  be  not  alone,  drop  the  Une  to  those  at  the  base  of  the  pole. 
As  so9n  as  the  rope  is  taut,  free  the  victim's  safety  belt  and  spurs  and  descend  the  pole,  gmding 
the  victim.  When  the  victim  is  about  three  feet  from  the  grotmd,  lower  rapidly  so  that  the 
victim's  feet  hit  the  grotmd  hard. 
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n. — Attend  Instantly  to  Victim's  Breathing 

1.  As  soon  as  the  victim  is  clear  of  the* live  conductor,  quickly 
feel  with  your  finger  in  his  mouth  and  throat  and  remove  any 
foreign  body  (tobacco,  false  teeth,  etc.). 

If  the  mouth  be  tight  shut,  pay  no  attention  to  the  above-mentioned 
instructions  until  later,  but  immediately  begin  resuscitation.  The  patient 
will  breathe  through  his  nose  and  after  resuscitation  has  been  carried  on  a 
short  time,  the  jaws  will  probably  relax,  and  any  foreign  substance  in  the 
mouth  can  then  be  removed.  Do  not  stop  to  loosen  the  patient's  clothing; 
every  moment  of  delay  i8  serious. 

2.  Lay  the  patient  on  his  belly,  one  arm  extended  directly 


Pig.  8.761  .-^Restiacitation  for  electrical  shock  by  Prone  presture  method.    Fint  potMon, 


overhead,  the  other  arm  bent  at  elbow  and  with  the  face  resting 
on  hand  or  forearm  so  that  the  nose  and  mouth  are  free  for 
breathing,  as  in  fig.  8,751. 

3.  Kneel,  straddling  the  patient's  hips,  with  the  knees  just 
below  the  patient's  hip  bones  or  opening  of  pants  pockets. 

Place  the  palms  of  the  hands  on  the  small  of  the  back  with  fingers  resting 
on  the  ribs,  the  little  finger  just  touching  the  lowest  rib,  the  thumb  along- 
side of  the  fingers,  the  tips  of  the  fingers  just  out  of  sight  as  in  fig.  8,751. 

4.  With  arms  held  straight,  swing  foward  slowly  so  that  the 
weight  of  your  body  is  gradually  brought  to  bear  upon  the 
subject,  as  in  fig.  8,752. 
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This  operation,  which  shotild  take  from  two  to  three  seconds,  must  not 
he  violent — internal  organs  may  be  injured.  The  lower  part  of  the  chest 
and  also  the  abdomen  are  thus  compressed,  and  air  is  forced  out  of  the 
lungs,  the  diaphragm  is  kept  in  natund  motion,  other  organs  are  massaged 
and  the  circulation  of  the  blood  accelerated. 

6.  Now  immediately  swing  backward  so  as  to  completely 
remove  the  pressure,  thus  returning  to  the  position  shown  in 
fig.  8,763. 

Through  their  elasticity,  the  chest  walls  expand,  and  the  pressure  being 


Fig.  8.753.— Reniscitation  for  electrical  shock  by  Prone  preMure  method.    80condpo9ttkm* 


removed  the  diaphragm  descends,  and  the  lungs  are  thus  supplied  with 
fre^  air. 


6.  After  two  seconds  swing  forward  again. 

Thus  repeat  deliberately  twelve  to  fifteen  times  a  minute  the  double 
movement  of  compression  and  release — a  complete  respiration  in  four  or 
five  seconds.  If  a  watch  or  a  dock  be  not  visible,  follow  the  natural  rate 
of  your  own  deep  breatMug,  the  proper  rate  may  be  determined  by  count- 
ing— swinging  forward  with  each  exi^ration  and  backward  with  each 
inspiration. 

7.  As  soon  as  this  artificial  respiration  has  been  started  and 
while  it  is  being  continued,  an  assistant  should  loosen  any  tight 
clothing  about  the  patient's  neck,  chest  or  waist.  {Keep  the 
patient  warm,) 
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Place  ammonia  near  the  nose,  determining  safe  distance  by  first  trying 
how  near  it  may  be  held  to  your  own.  Then  the  assistant  should  hit  the 
patient's  shoe  heels  about  twenty  times  with  a  stick,  and  repeat  this 
operation  about 'every  five  minutes,  until  breathing  commences.  Do  not 
give  any  liquids  whatever  by  mouth  tmtii  the  patient  is  fully  conscious. 

8.  Continue    artificial    respiration    without    interruption    (if 
necessary  for  four  hours)  until  natural  breathing  is  restored. 

Cases  are  on  record  of  success  after  three  and  one-half  hours  of  effort. 
The  ordinary  tests  for  death  are  not  conclusive  in  cases  of  electric  shock 
and  doctors  must  be  so  advised  by  you^  if  necessary. 


Fig  .  8 ,753 . — ^Resuscitation  from  electrical  shock  by  Prone  pressure  method .     Third  ptmitiotu 

9.  When  the  patient  revives,  he  should  be  kept  prone  (lying 
down)^and  not  allowed  to  get  up  pr  be  raised  under  any  con- 
sideration unless  on  the  advice  of  a  doctor. 

If  the  doctor  has  not  arrived  by  the  time  the  patient  has  revived,  he 
should  be  given  some  stimulant,  such  as  one  teaspoonful  of  aromatic 
spirits  of  ammonia  in  a  small  glass  of  water,  or  a  drink  of  hot  ginger  tea  or 
coffee.  The  patient  should  then  have  any  other  injuries  attended  to  and 
be  kept  warm,  being  placed  in  the  most  comfortable  position. 


10.  Resuscitation  should  be  carried  on  at  the  nearest  possible 
point  to  where  the  patient  received  his  injuries. 
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He  flhould  not  be  moved  from  this  point  tmtil  he  is  breathing^  normally 
of  his  own  volition,  and  then  moved  only  in  a  lying  position.  Should  it  be 
necessary,  due  to  extreme  weather  conditions,  etc.,  to  move  the  patient 
before  he  is  breathing  normally,  he  should  be  kept  in  a  prone  position 
and  placed  upon  a  hard  surface  (door  or  shutter)  or  on  the  floor  of  a  con- 
veyance, resuscitation  being  carried  on  during  the  time  tiiat  he  is  being 
moved. 

11.  A  brief  return  of^spontaneotis  respiration  is  not  a  certain 
indication  for  terminating' the  tr^tment. 

•I 

Not  infrequently,  the  patient,  after  a  temporary  recovery  of  r^iration, 
stops  breathing  again.  The  patient  must'  be  watched,  and  if  norma] 
breathing  stops,  aitifidal  respiration  should  be  resumed  at  once. 


HI. — Send  for  a  Doctor 

If  other  persons  be  present  when  an  accident  occurs,  send  one 
of  them  for  a  doctor  without  a  moment's  delay. 

If  alone  with  the  patient,  do  not  n^lect  the  immediate,  and  continued 
resuscitation  of  the  patient  for  at  least  one  hotir  before  calling  a  doctor  to 
assist  in  further  resuscitation  efforts.  A  published  up-to-date  Hst  of  doc- 
tors posted  by  the  company  is  recommended. 


IV. — First  Care  of  Burns 

When  natural  respiration  has  been  restored,  bums,  if  serious, 
should  be  immediately  attended  to  while  waiting  for  the  doctor 
to  arrive. 

A  raw  or  blistered  surface  shotdd  be  protected  from  the  air.  If  clothing 
stick,  do  not  peel  it  off — cut  around  it.  The  adherent  doth,  or  a  dressing 
of  cotton  or  other  soft  material  applied  to  the  burned  Surf&ce,  ^otdd  be 
saturated  with  picric  add  (.5  per  cent.)  If  this  be  not  at  hand,  use  a  solu- 
tion of  baking  soda  (one  t^poonf  ul  to  a  pint  of  water) ,  or  the  wound  may 
be  coated  with  a  paste  of  flour  and  water,  or  it  may  be  protected  with 
vaseline,  carron  ou,  olive  oil,  castor  oil  or  machine  oil,  if  clean.  Cover 
the  dressing  with  cotton  gauze,  Unt,  clean  waste,  olean  handkerchief,  or 
other  soft  doth,  held  tightly  in  place  by  a  bandage.  The  same  coverings 
should  be  lightly  bandaged  over  a  dry,  charred  bum,  but  without  wetting 
the  burned  region  or  applying  oil  to  it  •    Do  not  open  blisters . 
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.  Of  nearly  all  accidents  arising 
from  contact  with  electric  wires 
and  electric  machines  it  may  be 
said  it  is  more  the  want  of  care 
than  the  want  of  knowledge. 
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Abnun'fl  reflex  tett  ills.»  4^886, 

Aoetykne  lamps*  8358. 

Acid*  tUcirolyUf  storage  bettenr*  8,44i0« 

mizmgy  8,435. 
Active«  componenty  cuneatt  8,488. 

meteriely  def  •»  8.440* 
Added  line  rsststaaoe,  te]esnii»b«  Stamm'sy 

ills.,  4.188. 
Adjustablet  gnmnd  cUmps,  ills.*  8.758. 

speed  motors,  elevator,  4,129. 
Aerial  switeh,  wireless  telegraphy. 
Air,  blast  transformers,  8.502, 4jOi28. 
break  switch,  e.«.,  8.570. 
cooled  trans£onner8^.508, 8U(10. 
drill,  motor  driven,  ills.,  4.080  4j042. 
iaPf  adjusting,  effect,  8.000. 

Ugntniny  arrester,  iito^jMOS,  8,500. 
valve,  electric  lighting,  8,872. 
AlkaU,  electrolysis,  8.442. 
All  day  efficiency,  4.023. 
All  on  and  all  off  sign  flashers,  8385. 
Alli»>Chalmen  alternator,  ills.,  8.038. 
Alternating  current,  8.46M.481. 
amplitude,  dia|:.,  8.M4. 
and  du*p  combmed,  4,068,  4X)00. 
apparatus,  see  Alternating  current  ap- 
paratus. 
are^  iHs.,  8^841.  8342,  4.272. 

lamp,  8,847. 
bdlsTSls.,  4.165,  4.166. 
breaic,  high  preesura  dreuit,  8  JS70. 
calmlsttonSj  circuit  wiring,  8,664. 
capacity,   3.465,   8.472,    8.473,    8.475, 

8.476,  8.479. 
changed  to  direct.  8.860. 
changing,  8.488, 8.524. 
eircuttt  $.470. 

breakers,  8.582-8.584. 
changing,  8,488. 
condenser  on,  8,474. 
power  measuring,  8.487. 
transformers,  8,488, 8,521, 8JK28. 
oontrol  apparatus,  8.575-3,500. 
eurtent  and  pnssura  limiting  devices, 

8.575r8,580-8,582. 
description,  8,463,  8,868. 
dhect  connected  unit,  ilk.,  4.017. 


distribution,  8.668. 

effective  pressure,  diag.,  8.466* 

devator  oontroller,  4.141. 

feeder  legwlatioti,  8.508. 

Add,  ring  armatura  in,  ills.,  8.064* 

fraQuency,  8.464. 

fuses,  8.580,  8.581. 

henry,  diag.,  8.470. 

hydraulic  analogy,  3.468,  8.460. 

impedance,  ills.,  8.470-8,481. 

MfMlfNf     apparatus^     8.575,     8.577. 

see  Alternating  current  apparatus* 
imdieatmg  a€»Uts» 
inductance  formula,  8.470. 
iaductioii,  8.409,  8,479. 
Ia^,8<i76,8^77. 

Ugntamg  protection  devices,  8.576. 
tnarhincis,  reconnecting,  4,000. 
nuudmura  value,  diag.,  8.464. 
measuring  apparatus,  8.600-3.616. 
monophase,  8.467. 

moton,  see  Alternating  current  eiolorf  • 
phasct  8,465. 

power  factor  indicators,  8.606,  8,61U 
pressure,  8^466. 
railway  contrd,  4.004. 
rsactanoe,  8^77, 8^78. 
regulating  devices,  8476,  8.502. 
idays,  8388, 8^^5-8.589. 
remote  ooatraL  8.580. 
resistance,  8.470. 
resonance,  8.465,  8^1. 
adf-induction,  diag.,  8.470. 
sine  curve,  8.468. 
tini^  phase,  8,466-8.468. 
starting  ammeter.  8.588,  8.541. 
mJfdKsf ),  8.575-4.585. 

air  break,  8,570. 

double  throw.  iUs.,  8.575,  8.576. 

liom  breaJjL  iUs.,  8.577. 

knife,  8.579. 

few  pressura  service,  8,579. 

oil  braak,  ills.,  8.578-8.580, 8.585. 

pkig,  ills..  8,575,  8.581. 

jAsfM,  pole,  ills.,  8.575, 8.576. 
tlm>w,  ills.,  3.575,  8.576. 

stsfddta.  8.500. 
sjrnduiniisin,  8.465. 
synchronous  condensers.  8  JSOO. 
three  phase,  8.468, 8.460. 
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Altematinir  current, — Continued 

transzxussion  and  distribution,  railway, 
4,080. 


voltmeter,  3.466. 

circuit,  4,027. 
wave  form  measurement/ 8^612,  9,-6111. 
wires,  size,  3,664.*  '    * 

Alternating  current  api>aratu^  9^75-^,61^. 
circuit  breakers,  3,584.  *'         ''*' 

control  apparatus,  3,575-3,599. 
current  and  pressure  limiting  deviceSf 

3.580. 
dynamometers,  3,604. 
feeder  regulation,  3,593. 
groimd  detectoxB,  3.614. 
induction  voltage  regulators,  3,593. 
indicating  devices,  3^575,  3.599-3,616. 

electro-magnetic,  3.600,  3,601. 

frequencv  meter,  3.608,  3,610. 

grotmd  detectors,  3,614. 

hot  wire,  3,602. 

indicators,     3,608,     3.609,     3,610, 
3.612,  8,614. 

induction  instrument,  3,602-3i604, 
3,610. 

moving  iron,  ills.,  3,600,  3,601. 

plunger  type,  3,601. 

power  factor  meter,  3.608,  3,611. 

shielded  pole,  3,602,  3,603. 
lightning  arresters,  3,589. 
oil  switch,  ills.,  3,580. 
regulators,  3,593. 
relays,  various,  3,585-3,689. 
remote  control,  3,580. 
switch,  oil,  3,580. 

switchboard  connections,  3,614,  3,6I5» 
voltage  regulators,  8.596. 
watt  hour  meter,  3.605,  3.606 
waveform,  indicators,  3.6l4. 

measurement,  3.612. 
Alternating  current  motors,   3,793,   3,936- 
3,^9. 
asynchronous,  3,948-3,969. 
commutator,  construction,  3,963. 

neturaUzed  series,  3,965,  3.966. 

principles^  ills.,  3.964. 

repulsion  induction,  3.967-3.969. 

series,  3,964. 

shunt,  3,966. 

see.    Alternating    current    motors, 
commutator, 
disadvantage,  elevator,  4,129. 
induction,  3.94&-d,963. 

core  discs,  ills.,  3,950. 

elementary,  3.949. 

external  resistance,, ills.,  3,960. 

^Id,  construction,  ills*,  3,955. 
magnets,  3,955. 
windings,  3.956. 

internal  resistance  type,  3,959. 

operation,  3.948. 

phase  splitting,  8.961. 
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Alternating  current  motors,  induction, 
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polyphase,  ills.,  3,948-3,950. 
^ratafy, xn^ne^  Jdd,  3,953,  3.954. 

skeleton  frame,  winding*  8,955. 

slip,  3,951,  3.954. 
*t  ,,       Hog*  3,960,  3,961. 

squinid  cage,  3,951,  8.952*  3,959, 
"■    3i1!!60. 

startijlg,  3,957,  3,961. 

three  phase,  3,953,  3,958. 

two  phase,  3,953. 

variable^  inductances,  3,958. 
resistance^  3,958. 

winding,  3,955,  3,956. 
synchronous,    auxiliary    starting    tjrpet 
ills.,  3.943. 

dead  center,  3.941. 

hunting,  3.946,  3.947. 

polyphase,  3,940. 

precautioiis.  8.944. 

principles,  8.986-3.942. 

self-starting,  3.943-3.945. 

starting,  3.943. 

stationary  armature  type,  3.946. 

surging,  8,947. 

used  as  condenser,  3.946. 

winding*  3,945. 
Alternating  field,  copper  ring  in,  3.966. 
Alternator (s),  3,912-^,921. 
alternating  current,  3,464. 
armature,3,922,  3,927. 

reaction,  3,919,  3.920. 

winding,  ills.^  3.917. 
belt  or  chain  driven,  3.924. 
bipolar  type,  ills.,  3.928. 
coU  teaser,  3,918. 
collector  rings,  8.913. 
compositely  excited,  3.548,  8,921. 
curves,  4,0^. 
cutting  out,  4,022* 
damper  winding,  3.917. 
delta  connection,  3.935. 
d^mentary,  3,867,  3.868. 

four  pole,  3.913. 

inductor,  3.916. 

one  volt,  3,473. 
excitation  test,  diag.,  8,628. 
field,  8,917,  4,115. 

excitation,  3.920. 
four  pole,  3,918. 

heteropolar  inductors,  ills.*  3,916. 
homopolar  inductors,  ills.,  8,916. 
hunting  or  singing,  3,917. 
inductor  type,  ills.,  3.915,  3,916. 
leakage,  magnetic,  3,919. 
monocyclic  type,  3,917,  8,918. 
motion,  3,915. 
multi-polar,  3,464,  3,912. 
operation,  4,019. 
polyphase,  3,914. 
rating,  3.486. 
readings,  3,487. 
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Altomator  (•) »— Conl*»t»«i 
regulatioiiy  a.c.,  3,592. 
rndbringt  armattire  type*  ills.»  3,914« 

field  type,  ills.*  3,914. 
Belf-induction,  3,920. 
separately  excited,  3,921,  4,021. 
single  phase,  3,912. 
six  wire,  3,468. 
stationary  t  BxmsAxcn  type,  3,915. 

field  type,  3,914. 
three  phase,  railway,  4,081. 

wire.  3,468. 
turbine  driven,  ship,  4,117. 
two  phase,  ills.,  3,932. 
voltage  regulator,  3,597. 
winding,  3,593,  3.933,  3.935. 
Y  connection,  ills.,  3,933,  3,935. 
Alternator  construction,  3,922-^,935. 

armatures,  various,  3,922,  3,932#  8,933. 
coiUt  separate,  ill^.,  3,933. 

spiral,  ills.,  3.933. 
field  magnets,  3,925. 
inductors,  3.925,  3.926. 
phase  arrangement,  3,935. 
windings^  bar,  3,925. 

chain,  3,934. 

concentrated,  ills.,  3,923,  8,926 

creeping,  3.934. 

delta,  3,935. 

fuUy  distributed,  ills'.,  3.923. 

half  coil,  ills.,  3,923. 

lap,  ills.,  3,931. 

mesh  grouping,  3,930,  3.931. 

peurtially  distributed,  ills.,  3,923. 

skew  coil,  3,934. 

star  grouping,  3.930,  3,931. 

three  phase,  3.027-3,932. 

two  phase,  3,926-3,928. 

various.  3,935. 

wave,  ills.,  3,981. 

whole  coil,  ills.,  3.923-3,926. 
Aluminum^  electrolirsis,  3,442,  3,443. 
lightmng  arrester,  ills.,  3,591. 
manufacture,  3,442,  3,443. 
solder  for,  4,291,  4,297. 
welding,  4,317. 
Amalgamating  battery  fluid,  3,381. 
American,  disc  stove,  ills.,  4,284. 

electric  soldering  iron,  ills.,  4;289. 
Anuueter;  converter  switchboard,  3,531  • 
direct  current,  3,568-3,571,  3,607. 
dynamo,  ills.,  3,427. 
measuring  a.c.  circuits,  3,487. 
motor  testing,  3,631. 
parallel  charge,  3,426. 
plunder  type,  3,600,  3,601. 
reading,  unsteady  current,  ills.,  8,419. 
shuntj  booster  charge,  3,428. 

O.C.,  3,571. 
starting,  d.c,f  3,541. 
storage  battery,  3,427. 
Western,  3,569. 
Amortisseur  winding,  alternator,  3,917. 
Ampere,   and  coulombs,  h3rdraulic  analogy, 
ills.,  3,371,  3.618. 


W— Continued 

definitions,  3.371,  3,390,  3,440,  3,621. 

electro-platidg,  table,  3,452. 

hour,  3.390. 

hour  meter,  3,607. 

hydraulic  analogy,  ills.,  3^71,  3,372. 

meter     (ammet^)     dx,,     3,508-3,570, 
8,607. 

fate,  3,441. 

turns,  diag.,  3,412. 
Ampcare's  experiments,  3,406. 
Amplification,  regenerative,  wireless,  4,257«, 
Amplifier,  wireless,  4,255. 
Amplitude,  «.£.,  diag.,  3,464. 
Analogy,  lag,  3,477,  3,478. 

see,  hydraulic  analogy* 
mechanical  analogy, 
steam  et^fine  analogy. 
Anchor,  kg,  guy,  lUs.,  3,765. 

span,  cateniaxy  const.,  ills.,  4,101 
Angle  of  lag,  3,477,  3.484. 
Annunciator,  devator,  ills.,  4,172. 

gravity  drop,  ills.,  4,171. 

needle,  ills.,  4,171. 

wires,  ills.,  3,632. 

wiring,  4,174. 
Anode,  3.397; 

chamber,  Castner  cell,  iUs.,  8,447. 

graphite,  3,550. 

X-ray  tube,  iUs.,  4,327. 
Anti-cathode,  X-ray  tube,  ills.,  4,327; 
Antihum,  telegraph  wire  device,  ills.,  3,772. 
Apfel,  radiator,  ills.,  4.287. 

heating  units,  ills.,  4,278. 
Arc,  alternating  current,*  ills.,  3,841,  3,842. 

controller,  motion  picture,  4,273. 

current  consumption,  3,840. 

direct  current,  3,842. 

enclosed,  3,841. 

flaming,  3,841. 

long  burning  flame,  3,841. 

luminoxaSf  3,841. 

motion  picture,  4,269,  4,272. 

semi-enclosed,  3,842. 

various  kinds,  3,841. 
Arc  lamp,  a.c.»  3,847. 

Bedc,  ills.,  a.846. 

differential  control,  ills.,  3,843-3^845. 

diffuser,  enclosed,  3,856. 

direct  current,  3,856. 

elementary,  3,842. 

flaming,  8,847. 

Ft.  W^yne,  ills.,  3,844. 

HeUos,  ills.,  3,846. 

luminous,  3,847. 

magnetite,  3,847. 

mercury  vapor,  ills.,  3,847. 

metallic  flame,  ills.,  3,846,  3,847. 

outlet,  iUs.,  3.723. 

parallel,  ills.,  3,844,  3,845. 

series,  control,  3.842-3,845. 
parallel,  3,845,  3,846. 

titanium,  3,847. 

transformer  type,  ills.,  3,8444 

vacuum  tube,  ills.,  3.847. 
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Armature*  alternator,  3,624,  3,022,  8,027, 
3.982,  8.033. 
ftt  syochfonous  ipeed,  8.030. 
Cftlculations^Wire  size,  3,070. 
circuits.  3.882. 
coOsp  iUs.,  8.076. 

midline  formed,  8,085. 

8df*induction  in,  8,886. 
oosverteTf  General  Electric,  8,626, 8,642. 
coi>per  cvlinders,  3,040, 8.060, 8,062. 
cor«t  eddy  current  in,  8387* 

wooden,  ills.,  3,876. 
^ufrenif  8,882. 

distribution,  d  J82,  8,888* 
delta  connected,  iUs.,  3,033. 
description,  3,048* 
disc,  3,022. 
drill,  iUs.,  4,030. 
drum,  8.022* 
dynamo,  ills.,  3,624, 8376, 8,882. 

core,  hysteresis,  ills.,  8,886* 

electro-plating^  3,461. 

Gramme  ring,  ills.,  3.624. 

multi-polar,  3.880. 

period  of  commutation,  3,880, 3,801. 
end  ring  const.,  3,051. 
forces  acting  on  dynamos,  3,807. 
grsmme  ring,  iUs.,  8.624,  3,032. 
nesting,  converters,  3,544. 
induction  of  current  in,  3,050. 
inductors,  3.032. 
inertia  overcoming,  3,080. 
iron,  8,053. 
lag,  3.042. 
laminations,  3.048. 
lap  winding,  ills.,  8,877,  8«878. 
lead,  break  m,  4,003. 
locking  key,  3,048. 
moving,  4.010. 
Niandet  disc,  3,870. 
paths  in  wave  and  lap  windings.  8,083. 
position  at  time  of  spark,  ills.,  4,056. 
«eaction,  3,910,  8,020,  3.040. 
lepairing,  8.080. 
swelving,  ills.,  8.022. 
Xing,  3.0as,  3.964. 

see  slso  Armature  windings,  armatnr€» 
short  circuited  coil  locating,  4,002. 
•lots*  number,  3.983. 
squirrel  cage  construction,  8,948,  8.051, 

3.952,3.960. 
staticnary,  3.922. 

typtf  alternators,  8.916. 

syndmmous  motor,  3,946. 
vibrates,  3,939. 
voltage  determining,  3.626. 
wave  winding,  ills.,  3377,  3,878. 
Armature  winding  and  reoairs,  3.970-4,012. 
air  gap  adjusting,  enect,  3.999. 
alternating  current  machines,   recon- 
necting, 4,000. 
alternators,  ills.,  3.917. 
armotwet  barrel  wound,  3,986. 

burning  out,  8.980. 

calctilations,  8,970. 


— CoflfffltMKf 

coils,  machine  formed,  3,986* 
wire  wound,  ills.,  3,076* 

construction,  3,075. 

core,  3,076,  3,086. 

failure  to  excite,  4,002* 

field  coils,  3j078. 

lead,  break  m,  test,  4,003* 

mould  coils,  3,086* 

repairing,  8,080. 

8lotted73.075. 

speed  calculations,  3,077. 

strength  of  field,  calculations,  8,077* 

volts,  3.077. 
banding,  3.088.. 
bar  to  bar  test,  ills.,  4 .003* 
barrel  wound,  ills.,  3.986. 
bedding,  ills.,  8.983. 
binding  method,  8.989. 
bnuhg  contact  poor,  ills.,  4,006* 

filing  jig*  4.007. 
calculations,  8,070,  8.978. 
changing  voltai|e,  8,997, 3,998. 
coil,  short  circmted,  locating,  4J002* 

taiung  machine,  iUs.,  3,987. 
commutaioris),  arcing,  3,900. 

assembling,  3,006. 

burned,  repauing,  3,004. 

clamps,  4,007. 

connections,  3.086. 

dissembling  for  repair^  8,006* 

heating,  3^000,4,005. 

hi^  mica,  3.000. 

jomt  broken*  repairing,  8,094* 

repairs,  8.000-34KM. 

rough.  4,006. 

smoothing,  8,000,  4,006* 

tightening,  8.006. 

troubles,  4,005. 

ventilated,  ills.,  4,007. 
compensator  troubles,  4.011,  4,012. 
constants,  wire  taUe,  3.080. 
direct  current  machines,  reconnecting. 

3.006-4,000. 
dismantling,  3,084. 
field  ceonections  wronsb  3,000. 
frequency  changes,  4.000. 
grinding  commutator.  3,000. 
groundM  arm.,  coils,  locating,  iUs.,  4.006. 
heating,  4,006. 

insulating  double  layer,  lEs.,  3,087* 
jig,  iUs.,  4.007. 

magnet  calculations,  8,078,  8,070* 
methods,  8.086* 
motor  trouUes.  4j008-4,012. 
mould  coils,  8,086. 
reconnecting  a.c.  and  d^»  ,war.M.|^ 

8.006-4.000. 
reversing  jwlyphase  motor,  4,001. 
rewinding,  3,084, 8,007. 
short,  circuits,  locating,  4.002. 

drculatixiiK  precaution.  3,086. 
slip  ring  motor,  8.060,  3,061. 
soldering  wires  to  lugs,  4.001. 
spool,  magnet,  3,070. 
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Armatui*  wlndliMT  and  i«|Mli«r-Coffl'tf 

"stxaiffht  out"  coils  method,  ills.,  3,986, 

3,987. 
toblB,  3,876. 
testf  bar  to  bar,  4,003. 

btealcB,  ills.,  4,003, 4,005. 
field,  coU,  ills.,  4.003. 
ground  armatuTB  coil,  iUs.,  4,006. 
ikhtin^  out,  8,988. 
abort  circuits  between  coils,  4j006. 
troubles,  4,002. 

voltage  chanties,  3.996-3,098,  4,000. 
wedge  removmg,  ills.,  3,984. 
wtre^  bending,  securing  tension,  3,980. 
capacity  table,  3.972, 3.974. 
insulated,  piDpertics,  table,  3,981. 
size,  3,970-8.978. 
■cddenng  to  lu^  4.001. 
Armored  BJC.  cable,  inside  wiring,  3,704- 

3,708. 
Axxester^  see  Li^tning  arresters. 
Assembled  transformer,  iUs.,  3,506. 
coils,  ills.,  3,401. 
core  and  windings,  ills.,  3.492. 
Astatic,  flatvanometer,  3,568. 

neenles,  connections,  3,564. 
Assmchronotia  motors,  3,525-3,969. 

classes,  8,948. 
"At  sjrnchronous  speed,"  armature,  3,939. 
Artiffidal  respiration,  electric  shock,  4,342- 

4j344. 
Attraction,  and  repulsion,  charge,  3,367. 

of  poles,  8,908.  3,938. 
Augur,  post  hole,  ius.,  8,763. 
Austin  adjustable  ground  clamp,  iUs.,  3,756. 
bar  hangeTfilU.,  8,750. 
box  cleat,  uls.,  8,750. 
conduit  iMug,  sUs.,  3,752. 
hickeys.  8,755. 
old  work  hanger,  ills.,  3,751. 
steel  fish  tape,  8,755. 
Auto-traxis£6rmer,  induction  motor,  3.957, 
3^58. 
principle,  ills.,  8,508. 
AutogenotM  welding,  4.319. ' 
Autmiatic  brake,  cnuie,  4,152. 
control^  elevator,  4,136. 
railway,  4fil90, 
Automatic  telephone,  4,208-4,238. 
advantage,  4,208. 
back  bridge  relay,  4,224. 
busy  relay,  4,224. 
circ»U,  busy  test,  4,220,  4,221. 

line  relay  and  master  switch,  diag., 

4,230. 
release,  diag.,  4,222. 
subscriber's,  4j214. . 
clearing  the  called  line,  4,231. 
comuciar,  circuit,  diag.,  4,223. 
Stronger  type,  ilu.,  4,215. 
switch,  iUs.,  4,214,  4,215,  4,218. 
circuit,  diag.,  4.219,  4,229. 
djboonnection,  4,222. 
desk  type,  ills.,  4,210. 
dial,  subscriber's,  ills.,  4,212,  4.213. 
disconnection  line  wiper,  4.222. 


Atttomatle  telephijtesr^  Cottiinued 

distribution  of  100,000  line  system,  4,237* 
district  station  installation,  4,238. 
elements  of,  4^11. 
grouping  of  lines,  multiofSoe,  4^1— 

4,234. 
installation  at  Los  Angales,  diag.,  4,236. 
tnterK>ffice  trunldng,  <uag.,  4,237. 
Itntf  bank  contacts,  diag.,  4,216. 

nlay,  4.224,  4,230. 

switch,  4,224-4,230. 

banks,  4,235,  4,288. 

wiper  disconnection,  4,222. 
magnets,  4,224. 
master  switch  mechanism,  diag.,  4,228» 

4,230. 
nndti-,  exchange  system,  diag.,  44234. 

omce  systems,  4,231. 
operation  of,  4,211,  4,214. 
Mrts,  4,208. 
pTA.  X.,  ills.,  4,209. 
^Mte,  bulk,  diag.,  4,220,  4,221. 

exchange,  ills.,  4,209,  4,210. 
relays,  various,  4,224. 
release  circuit,  diag.,  4,222. 
selector  switch,  ills.,  4,232-4,234. 
sin^^  office  exchangej^,210. 
slow  acting  relays,  4,224. 
suhscnbtr'Sp  circuit,  4,213. 

dial,  4,212,  4,213. 
switchboardf  line,  4,227. 
svitckf  circmt,  diag.,  4,219. 

connector,  4.214, 4.215, 4.218, 4,222. 

line,  4,224,  4,226,  4,228,  4,229. 

master,  iUs.,  4,228. 
system  at  Los  Angeles,  dia^.,  4,236. 

50  line  private  exch.,  ills.,  44i09. 

100  tine  switchboaxd,  ills.,  4,217. 

200  tine,  office,  diag..  4.216. 

10,000  Une,  4^»  4,22^,  4,238. 
•   trunks  and  line,  relation,  diag*»  44i3o. 
wall  type,  ills.,  4,210. 
wqier  cut-off  relay,  4,224. 
Automatic  voltage  regidators,  ills.,  8.597. 
Automobile  starters  and  lighting  systems^ 
4,058-4^)66. 
dasses,  ills.,  4,058. 
control,  4,065. 

discriminating  cat  out,  4J066. 
dxive  assembb"*  illB*t  4,061. 
dynamo,  naaoviog  and  replacing,  4,061. 

voltage  limiting,  4,066. 
generator  driving,  ills.,  4,062. 
xnagneto,  4,059,  4,062. 
motor  circuits,  various,  iOs.,  4,064.  i 

stni^  unit,  4,060,  4.065. 
starter  and  djmamo  assembly,  ills.,  4,061     i 
storage  battoy,  4,060. 
thres  unit  system,  4,065. 
two  unit,  ills.,  4.060,  4,062,  4,063,  4,066. 
voltage,  choice  of,  4,062. 
Axle  lighting  of  cars,  4,100. 


VI 
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Babbiting  boxes,  ills.,  4,302.  4.303. 

Back    bndgtt   relay,    automatic    telephone. 

Bain  tetegvsph  «od(>,  '4,191. 

Baker,  R.  and  L.,  control,  ills.,  4,073. 

Balancing,  coil  system-  ytmnfi,  flls.,  3,647. 

transforaieh',:6,M7.>    . 
Ball  clutch,  carboff  i€»«l.'  ills.;  a,844. 
Ballistic  galvanometer,  ills*,  8,567,  3.568. 

method,  wave  form  meastuement,  3.612. 
Baltimore  and  Ohio  locomotive,  ills.,  4,097. 
Band  saw  brasiag,  ills.,  -4,311.' ' 
Banding,  armature  binding,  3,988. 
metal  moulding  wiring,  3.688. 
Bank  of  lamps,  charging  with,  3,419. 
Bar,  bus,  3,670. 
hanger,  3,750. 

magnets,  ills.;  3.400,  3,401,  3.407. 
to  bar  test,  ills.,  4.003; 
windings,  alternator,  8,925. 
Barrel,  electro-plating,  3,454-3,457,  3,461. 

wound  armature,  3,985. 
Bastian  heating  unit,  ills.,  4,279. 
Bath  cabinet,  flls.,  4,336. 
Battery  cell.,  see  Cell. 

fAorsm;,  ampere  hour  meter  for  rf.*.- 
ills.,  3,607; 
wiring,  diag.,  3.425. 
connections,  parallel,  3,382. 
series,  3.382. 

parallel,  3,883.  • 
definition,  8,440,  3,441. 
directions,  3,381. 
discharging^  3.420,  8;440. 
electrolysis,  ills.,  3,445. 
electrolyte,  see  Electrolyte, 
electrotyping,  3,462. 
fiuid,  amalgamating,  3.381. 
chromic  acid,  3.381. 
Daniell  cell,  3,383. 
various,  3.383. 
freezing  point,  3,421. 
glossary  of  terms,  3,440,  3,441. 
parts,  3,440,  3,441. 
repairs,  3,430-3.439. 
see  Storage  batteries, 
telephone,  4.193. 
Beck  arc  lamp,  ills.,  3,846. 
Bedding,  ills.,  3.874,  3,983. 
Bell,  standard  telephone  receiver,  ills.,  4,196. 
telephofU,  box,  4,195. 
fuses,  ills.,  3,557* 
wiring,  4,169-4,174,  4.176. 
Belling  heating  unit,  4.276,  4.279. 
Belt,  drive  reduction,  pumps,  4.123. 
chain  driven  alternators,  3.924. 
motor,  slips  off,  cause,  3,787. 
liendmg,  conduits,  ills.',  3.711-3,713,   3.714. 
3.715.  * 

device,  wiring,  3,769. 
fi«ndix  drive  assembly,  iUs.,  4,061. 


Bemados  welding  process,  4,323. 
Betts'  sign  flasher,  ills.,  3329. 
Bicycle  lamp,  3.851. 

Binding  method  armature  winding,  3.969. 
Biot'a  hemisphere,  iUs.,  3.363. 
Bipolar,  dynamos,  winding,  ills.,  3,880. 
field,  3.525. 

^npe  alternators,  ills.,  3,023. 
Birmingham  wire  gauge  tkble. 
Bismuth,  solder  for,  4.201. 

use  of,  3,555. 
Bits,  soldering,  4.299. 
wiring,  ills.,  3,703. 
wood,  sharpening,  3.761. 
,  Blake  michrophone  transmitter,  iHs..  4.197. 
Bleach  electrolysis,  3.442. 
'  Blind  attics,  wiring,  3.707. 
Block,  signal  system,  railway,  ills.,  4.102. 

transformer,  ills.,  3.495. 
Blow,  out  magnetic,  lightning  arrester,  iDs., 
0.591. 
pip^,  brazing,  4.307,  4.308,  4.310. 
^^      .       welding,  4.318, 4.3i9. 
Blowing  fuses,  3.567. 
,  magnets,  3,846. 
Boiler  location,  power,  staticms,  4,017. 
Bolts,  broken,  removing,  3.760« 
^      toggle,  3.725. 
Booster,  3370. 

charge,  ammeter,  3,428» 
converters,  3,542. 
d^*  system  railway,  4.079. 
feeder  carrying-current,  3,893. 

-synchronous,  voltage  regulator,  3,543. 
Boring  holes  for  wiring,  3.698,  3,703,  3,704. 
^      ^  3.731,3,754,3.760.        '^^ 

Bosch  secondary  coil,  ills.,  4,050. 
Boston  pattern  wireless  key,  ills~  4J248. 
Box(es),  cable,  ills.,  3.706,  3.707. 
cleat,  ills.,  3.750. 
outlet,  wiring,  3.712,  3,715- 
sectioH  guides,  cranes,  ills.,  4,152. 
winng  distribution,  3.713. 
Brake,  craTie,  electro-magnetic,  4,152. 

iron  dad  solenoid  tsrpe;  His.,  4.153. 
mechanical  load,  4,154. 
rheostatic,  4.154. 
various,  4,154. 
dynamic,'  elevator  controller,  diag.,  4.135 
elevator,  magnetic,  4,130. 

solenoid,  4.144. 
magnet,  elevator  controller,  4,138. 
mechanical^   elevator   controller;  dia^ 

4,135. 
railway,  4,098,  4.099. 
Bras^  brazing,  4,306. 

dip,  electro-pladng,  3,461. 
solder  for,  4.291. 
^      welding,  4.316,  4.325. 
Braaing,  4,30&-4,314.  - 
band  saw,  ills.,  4,311. 
blow  pipe,  4.307,  4.308,  4.310. 
butt,  4,30'',  4,309,  4,313. 
chain,  4.310. 
copper,  4,309,  4,310. 
dip,  4,307,  4,311. 
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_.  *.313,  4^14. 

funace.  His.,  4,306. 
heating  mBtbods,  4.30T. 
iaunenLion,  t^,  4311. 
jouiu,  4^10^  4.312. 
ii^^aj,  MM,  4.313. 
lead  bumolE,  1.312,  4.313. 
metbodi,  4,307. 
miiture,  4.311. 
muffie.  4.307. 
pipe,  4.30e. 
n^T&nS,  4.30a. 
■olden,  4.309.  4410. 
apclter,  4,306. 
theory  of,  4.308. 
Bmk  in  cin:iiit,  hi^h  pnuun  a.  e.,  3,599. 

tiel],  test,  4.174. 
Bnakcr.  dicuit,  S.5S5.  3.556.  3.55B,  3.562, 
3.5S2-3.584. 
cuRcnti  ilk.,  3.426. 
"verioad,  3,427. 

'   lalvanometer,  ills.,  3,565. 
'hiistie,  ills.,  3.620,  3,623,  4,166. 
EI  system  telegnph,  4,185.  4.1Se. 
lb,  def.,  3  ■  ■" 


oe,  ills-i 


.620,  3,623,  4,1S6. 


m  truck,  ill).,  4,093. 
ih  tbermal  unit,  (BJ.u.),  def..  3,303. 
■    ■  ■  Ting,  3.760. 


Broken,  bolts  and  » 


dynamo,  3.832,  3300,  3,S02. 
electn>-pUtiag,  ills..  3.454. 
fBulty  adjustment,  3.890. 
filins  jis.  4.007. 
holSn,  various,  iUs.,  3302. 


type  sisD  Hashers,  3.824,  3326. 
yblce,  eloctro-platmg  dynamo,  ills.,  3.451. 
Buck^v-mobilc,    aelf-<sntained    imit,  iSs., 

Brick  drill.  3.7B1.  * 
Bnick  motor  circuit,  dia^.,  4,004. 
Building  up,  welding. 

Buildings,  iviring,  see  Wliiuj;  finished  build- 
Bulb,  incandesce  rii  lamp,  3,850,  3351. 
Bullion  reigning,  3.443. 

pole  changing  trar       ""■       '  '''^ 
Bunsen,  cells,  3.379.  3, 


troUer,  diag.,  4.136. 


BurglaF  alarin,  4,17J. 

Bumsd,  commutators  npaiHng, 

OHI,  armatore,  SflS^  ; 

plug  fuse,  '" " 

BuriuihiT 


JJiingbarrvli,  el«tR»>lBting, 
0.670. 


1,457. 


Bus,  bar 

transfer  tlag  switch,  rncloted  arc,  ills.. 

Bushings,  porcelain,  ills..  3,746,  3.T4S. 

transfomieT,  3,405. 

wiring,  3,674,  3.670,  3,744.  3,746. 
Busy,  relay,  automatic  telephone.  4.224. 

test  circuit,  automatic  telephooe,  4.221. 
Butt,  braiing,  4,307,  4,30»,  4313. 


4.162,  4 


4,182. 


indicating,  4.1 60. 

wirinE,  4,173. 
B.  X.  cable,  armored,  3,704-3,708.     . 

code  Tequimnentg,  3.70G. 

sign  wiring,  ills.,  3,835. 
By  paia  coHtr^  ills.,  4,127. 
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_  _  J,  8,970. 

cntfoitrsisie,  l,S70-3.<72. 

mntor,  IM  Winnc.  malor  ealculallau. 

imiti^t  Hfl  Wtriiig  .-aij^iMtiftwt- 
C^pen,  vim,  ill*.,  8,030. 
C^^;^  telaphone,  4.I9S. 
CaUandu'*  mtchtniCTl  •quivilait  oc  hut 

■imumtu,  3,391. 
Ciloru,  def.,  SpW. 
C*«(i),  dutch,  cubon  tiad,  B,S44. 

^auhsn.ilte.,S.saB. 
Otfocra,  motion  picture,  IJ^i. 


li«bt,  tabic,  331S- 
^tnuatina  euimlt,  3.MI>.  S.4T3, 
3,47373.47E.  3.47S,  8,«T9. 


c^ilsi,  diu.,  iMS, 

dicmt  iniug,  s,e«o-3,ae3. 

(sndcnar,  8,470. 

onyinb  wina,  table,  3.637. 

hydnulu  aiuila(y,  8,473. 


luting,  tioM,  4,100. 
Cuboniiins  poln,  3,763. 
CubooTcdl*,  3^37a. 

tUOrit  li(Um(,  fsra,  8340. 

feed,  3,840,  3,S44. 

fiiad,  3,843. 

famed.  3340. 

iacadOeicnit,  8361. 

lasm*.  s.sss.  s.seo. 


Carde*  voltmeter,  3,466. 

Cuiiag*  calU,  lisn  fluhcn,  illi.,  3.894. 

Carryina  capacity,  copper  win,  3,4&3. 

fuio.  taUe,  8.808. 

table;  wirei,  3,637,  3.646. 
'   Carter,  car  mator  dicuH,  diaf .,  4,064. 

wuins  BHitiol  ayitem,  du^,,  3,746. 
Cartridge  fuM*,  3,5S5. 
Caacade,  opentirai.  laihray,  4,003. 

motor  conveiter,  ilia.,  3,641. 
Cats,  nil,  inrios,  8,701,  3,700. 
Can  mm  t»pe,  3.780. 
CaatBET,  c^  lU*.,  3,447. 
Catenary  comiructuju,  nilwar,  ilU.,  4,100- 

4,102. 
Cathodo  chamber,  Caatser  cell,  ilia..  3,447. 

X^r  tube,  illi-  4317. 
CauMic  Boda,  electinlyle,  3.446, 


nd   BDpantui   f 


voKaic  3.881. 

:wioua  fluid*  for,  3381,  8381. 

Wheebck,  iU*..  837». 
Cauent,  hydraulic,  3.77l>. 
Ceotn,  dtad,  n[nciuoDOB*  a 
CentiU  Sdentmc   Co.  gain 


I  battery.  8,881. 

Cantnl  Ration,  Knnr*tataoa*,loc<itii>n,ffl> 

*,m,  4.014. 
CenWfluaal  pum|>a,  moton  for,  41I1I. 


Chain  hcaiins,  4,31)9. 
Chain,  drift,  electric  vahidiM 
telpher,  4.1S7. 

fixture*  iriniia,  3.7S1. 

nindina,  aHmwtor,  B.S 
ChasaeaviJuce,  3.907. 
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4,180. 

CbeaitCi),  kllenutiiib  eapidtr  la,  UTS. 
-•— njju  aatna,  3,4TQ. 

nd  i.c.  ToltDMtaB,  iSOIt. 


dinct  cumnt,  c 
divided,  8,388,  h,oaa. 

diDp,,(otmuU,  i,eeg, 

•laotfo-mignetio  inAaatiaa,  3,861-3,866. 

f u,  S.TSS. 

ted  Iwdi,  viiden,  4J1U. 

fin  aluiD,  tekgnph,  4,1(K>. 

fluiBs,  S.7S3. 

high  uequBnc 


ignition,  i,04a. 

impeduce,  3,479-3.181,  3,183. 

e,  diu.,  3.1T9. 

lactor  telt.  8,tS3. 


impmaedpT 
inductive, » 


unDHuiu;!  .uokn.  diu.,  4JS8. 
voIUse,  propntion,  S,Sli3. 
wMt  lour  iuet«r,  a.SOS. 
mtrim,  cakuUtioni,  3,638,  3,630. 

«qadtr,  B,eeo,  S,M>. 

rfMHMtm,  a,S3g,  3,610. 
(nter,  3,737,  8,TM. 


,  3.70L  3,790. 
■,8.6BS,8.gM. 


mutual  induction,  3,aKli. 


1,231. 

CInt  wiring  OIl,  3.676-3,680. 
aeft  or  im-mXA.  iUi.,  1,316. 
Clock  ruls  cnmat  direction,  3.110,  3,111. 

Clockwiis  routioH,  motor,  B,90d. 
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Closed,  circuit,  arc,  33^0. 
cells,  3.398. 
tele^p^l  83^tem,  ills.*  4,17D* 

-cylinder  ptuhpA,  ills.,  4,liS!l. 
QvfitQh*-  lamp,  various,  3.844.  '  ' 

motor,  ills.,  3.963. 
Code,  requirements,  B.  X.  cable,  3,705. 
motor,  3.785, 3.793, 3.804. 
triring,  3.697,  3.705,  3.711. 
insulation,  3,756. 

telesraph,  4,189-4.192. 

wireless  telegraph,  4.258.' 
Coherer,  wireless,  ills.,  4.242. 
Coil(s),  choke,  lightning  arrester,  ills.^  3.592. 

dynamo,  3.873-3.875. 

ignition,  ills.,  4,050,  4,051. 

induction.  4,050. 

znac|iipe^  formed,  armature,  3,985. 

magnetizing^  3»873.       '"  '\  ' . 

master  vibrator,  4,050. 

secondary,  3.593. 

separate,  alternator,  ills.,  3.933. 

smulin^,  a.c.  motor,  ills.,  3.962. 

short  circttited,  locating,  4.002. 

sign  flasher,  3,832. 

structures,  transformer,  3,505. 

taping  machine,  ills.,  '3.987. 

teaser,  alternator,  3,918. 

transformer,  ills.,  3,491-3.494. 
'       voltage  regtuator,  ills.,  3.593. 

wire  wound,  armatture,  3.976. 
Coffee,  and  cocoa  dryers,  electric,  4,279. 

percolator,  wiring;  for,  3,655. 
Cole  motor  circuit,  diag.,  4,064. 
Collector  rizi^,  alternators,  3,913. 

brush,  rig^ng,  3,526. 
8i>arkin^,  8.545. 
Color  heatiiig  waiU  4.276,.  4,278. 
Columbia,  bath  cabinet,  4,336. 

ozone  generator,  ills.,  4,333. 

watt  hour  meter,  ills.,  3,573. 
C<»nbined,  differential  and  alternate  bells, 
ills.,  4.164. 

rotary  and  rectilinear  cranes,  4.150. 
"Come  along,"  wiring,  3.771. 
Commercial,  circuit  resistance  testing,  3,624. 

oonditit  bender,  wiring,  iUs.,  3,711* 
Common,  battery  system,  telephone,  4,198. 

solder,  4,291. 
Communicative  relays,  a.c,  8,586. 
Commutating,  field,  converters,  3,536. 

pole  converters,  3.533,  3.535,  3,536. 
Commutator,  arcing,  3,990. 

assembly,  3,995. 

bars,  number,  3,988. 

brushes,  treatment  of,  3,533. 

clamp,  4.007. 

connections,  3.986. 

construction,  ills.,  3,891. 

description,  3,868. 

driU,  flls.,  4.030. 

faulty,  railway,  4.109. 

General  Electric,  ills.,  3.526,  3.535. 

grinding  or  turning,  conveiters,  3,539. 

heating,  3,544,  3.990. 

high  mica,  3.990. 


Commutator,— Cc»/*fi«e(/ 

lubrication,  3,533. 

management,  3,533,  4,019. 

method   of   wave   form    measurement* 
3.ei2. 

repairs,  armature  winding,  3,990-3,990. 

smoothing,  3,990,.  4,006. 
Commutator,  treatment  of,  '3,533,  4,019. 

troubles,  4.005. 

type  induction  motors,  3,963-3,909. 

ventilated,  ills.,  4,007. 
Commutation,  converters,  3,535,  3,544. 

current,  3,869. 

dynamo,  3,867,  3.889-3.891. 
Communicative  relays,  3,586. 
Compass  magnetic,  ills.,  3,402. 
Compensated,  field,  alternator,  a.c,  8,593* 

repulsion  motor,  ills.,  3.967-3.969. 
Compensator,'  ax.  mductioil  motor,  3,957* 
■  3.958. 

line  drop,  iUs.,  3,597. 

motor,  3.802. 

or  auto-transformer,  iUs.,  3,957. 

starting,  3,598. 

switch,  motor,  diag.,  3,803. 

troubles,  4.011,  4.012. 

wiring,  diag.,  3.651. 
Component,  active,  current,  3,483. 
Composite  wound,  alternator,  3,593.  « 
Compositely  excited  alternator,  3.548,  3,921. 
Compound,  battery,  pouring,  3.437. 

dynamo,  3.789,  3,894,  3,897-3,901. 

motors,  3,787. 

dx.,  3,905,  3,911. 
reversing,  d»c,,  3,787. 

sealing,  storage  batteries,  3,437. 

wound,  dynamo,  3.896. 
Compotmding  converters,  3,530. 
Concealed  knob    and    tube  wiring,   3,096- 

3,703,  3,752. 
Concentrated    windings,     alternator,     iUs.* 

.3,923,  3,926. 
Conoentric  diffuser,  ills.,  8,856. 
Concrete,  duct,  3,777. 

in  conduit  wiring,  3,718. 

poles,  3.764. 
Condenser,  action,  bells,  4,163. 

capacity,  3,476. 

effect  on  circuits,  diag.,  3,474* 

induction,  coil,  3,368. 

Leyden  jar,  3.368. 

location,  x>ower  stations. 

on  au;.  and  d.c.  circuits,  effect,  3,474. 

synchronous,  3.599. 

'  motor  used  as,  ills.,  3,946. 

wireless  telegraphy,  ills.,  4,251,  4,252. 
Conduoell  cable  sphcixig,  3,817-3,821. 
Conductance,  3,387,  3,388.    : 
Conductive  method  neutralized  series  motoTt 

3,965. 
Conductively    coupled,    oscillation    circuity 

4.244. 
Conductivity,  des.,  3,387,  3.388.- 

hjrdraulic  analogy,  3.387. 

method  ■  wireless     telegraphy,     3,377* 
4,240. 
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Conductivity, — Coraimted 

of  conductoTSt  3,387. 
Conductor*  moving  in  magnetic  field,  3.862, 
3  875* 

and  insulators,*  3,384-3,389. 

description,  3,371. 

earth  utilized  as,  3,377. 

deUro-magnetiCf  field,  3,663. 
induction,  3,862. 

electrostatic  field,  ills.,  3,663. 

flat  or  hollow,  wiring,  3,662. 

hydraulic  analogy*  3,371. 

in  parallel,  3,388. 

materials.  3,762. 

motors.  0.C.,  3,906. 

pointed,  ills.,  3,365. 

shielded,  3,662. 

akin  effect,  ills.,  3.662,  3,663. 

spacing  table,  3,669. 

variotls,  3385. 

loireSf  3,632. 

covered,  various,  3,384. 
Conduit(s),  8,708-3.725. 

bending,  3,711-3,715,  3.759. 

clamps,  3,718. 

Code  requirements,  3,711. 

concrete  duct,  3,774,  3,777. 

coupluig,  3,716. 

elbowB,  3,715. 

fittings,  3,715,  3,716,  3,720. 

flezMemetaUic,  3.708^.710,  3.788. 

galvanized,  rigid,  8,710. 

mside  wiring,  3,708-3,725. 

installing  to  outlet  boxes,  3,723. 

lighting,  3.720,  3.723. 

lined,  3.710. 

metal,  3,712. 

motors,  flexible  metalhc,  3,787. 

outlet  boxes,  moulding  connections,  ills., 
3.687. 

plug,  3.762. 

rigid,  3,710,  3,714. 

securing,  3.716,  3.719. 

system^  railwavs,  4,085. 

tee  fittmg,  3.715. 

threading,  wiring,  3.715. 

unlined,  3,711. 

vitrified  clay,  .3,774-3,777. 

wiring,  see  Wiring  conduit.  ' 

wooden,  3,977. 

wrought  iron,  ills.,  3,779. 
Cone  dirt  catcher,  ills.,  3«731. 
Connecticut*  magneto,  ills.,  3,921. 
Connector  cable,  3,811,  3,813. 
Connection,  battery,  parallel,  3,382. 
series  parallel,  ills.,  3,383. 
various,  3,382. 

commutator;  3,986. 

converter,  diag.,  3,527. 

dynamotor,  3,654. 

monocyclic,  alternator,  3,918. 

fffofor,  compound,  d,c,p  3,911. 
series,  3,907. 
single  phase,  3.902. 
Connections,    motor,    three    phase,    3,521, 
3.802-3.804. 


Connections, — Continued 
motor  two  phase,  3.804. 
transformer,  3,515,  3,517,  3,521. 
watt  hour  meter,  3.606. 
wiring,  various,  sign  flashers,  ills.,  3.839. 
Connector,  low  tension,  transformers,  iUs., 
3.515. 
switch,     automatic     telephone,     4,214, 
4,215,  4.219,  4.222,  4.229.  . 
Constant,    current,    incandescent'    lighting, 
3,509,3,510. 
tran^ormer,  3,509,  3.510. 
lighting  sign  flashers,  3,834. 
Pressure,  carbon  feed,  3.840. 
main,  transformer,  3.517. 
Constants,  wire  table,  3,980. 
Constunption  of  current,  motor,  8.789 

various  lamps,  3,860. 
Contact(s),  bells,  4,175. 

breaker,  telegraph,  iUs.,  4.183* 
heatingi^  converters,  3,544. 
maker,  ignition,  4.051. 
shoe,  railway,  4,084. 
Contactor  equipment  automatic  telephone, 

diag.,  4,094. 
Continental-code,  telegraph,  4,191,  4,192. 

wireless  telegraph,  4,258. 
Continuous,  core  transformer,  3,489. 
ringing  bells,  ills.,  4.162, 4.168. 
Contraction,  muscular,  experiment,  3.399. 
Control,  a,c,  apparatus,  3,575-3,599.^ 

automobile  starting  and  lighting  sys- 
tem, 4,065. 
circuit  breaker,  3.558,  3,584. 
direct  current  devices,  3,564-3 ,565. 
■^  '  fbroil  switch,  ills.,  3,578. 
panels  ship  drive,  4,119. 
pump,  devices,  4,125. 
railway,  4,090,  4.092. 
rheostatic,  3.420. 
solenoid,  a.c,  oil  switch,  3,580. 
wiring.  Carter  sjrstem,  uls.,  3,745. 
Controller,  electric   vehicles,   4,072,   4,073^ 
4,077. 
elevator,  4.101,  4.039,  4,145,  4.147. 
motor,  3,794,  3,795. 
railway,  4.090. 
Conversion  ratio,  convertexli!;  8^537. 
Converters,  3,524-3,546.  =  «     f 

armature,  ills.,  3.526,  3.542.      ♦  *^  \ .     '  -  • 

heating,  3,544. 
booster,  3.542. 
brushies),  3,533. 
rigging,  3,526. 
sparking  att  3,545. 
commutating,  fields  3,536. 

pole,  3.533,  3.535,  3,536. 
commutation,  3,535,  3,544. 
commutator,  3,533,  3,539,  8.544. 
comiK>\mding,  3,536. 
connections,  .diagrams,  3,527. . 
diametrical,  ills.,  4,024. 
double  delta,  ills.,  4,024. 
contacts  heating,  3,544. 
description,  3,524.. 
direct  current,  3.529. 
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Canrmrtmn, — Continued 

end  play  devioe*  3,534»  8,539. 
field,  3.525. 
flash  overs,  8,545. 
frequtncy,  3,529. 

chai^ng  sets,  3,546. 
General  Electric,  8,532. 
ground  connections,  3,527 
beating,  3,544. 
in  i>araUel,  8.542. 
lead,  3.537. 

management,  4,025,  4,026. 
fNOfcjf,  3.529,  8,541. 

generator  sets,  8,546. 
operation,  3.524, 8,531. 
pnase  rotation  revetved,  8»530. 
''phasing  out,"  8.530. 
pole  construction,  8,529. 
polyphase.  3,533. 
railway,  iUs.,  8,541. 
ratio  of  conversion,  3,537. 
reactance,  voltage  regulation,  8,543. 
regulating    pole,    voltage    regulation, 

reversed  phase  rotation,  8,530. 

rotary,  8.5B9,  8,533,  3,586-3,538,  8,546. 

^tmUt  field  heating.  3,54^. 
wound,  8,532. 8,538. 

nngle  phase,  8,533. 

■parking  of  c»e,  brurfies,  8,545.'  ' 

speed  limit  device.  8,534, 3,539. '  \' 

split  pole,  3,538,  3,543. 

SIX  phase  connections,  8,527. 

starting,  3,537.  8,588, 8,540. 

switchboard,  three  phase,  8,531. 

synchronous.  8.527,  3,529,  8,530,  8.532, 
3^9,  3.542,  3.543,  4,025. 

synchroaoope,  3.530. 

Upped  winding.  3,525. 

Ilr<«,^hate,  3^527,  3,581,  8,533. 
wue,  4,(^. 

troubles,  3,544, 3,545. 

two  phase,  lubrication,  3,583. 

types,  3,533.    ^ 

voltaj^.rsgulation,  3.540,  8,548. 

winding^  3.525. 

Y  connections,  4.025. 
Cooking  appliances,  wire  sixe,  3,655. 

wiring,  4.288. 
Oooling  transformers,  3.502-^.504. 
Cooper-Hewitt   mecury   vapor   lamp,    ills., 

3  847. 
Copper,  braidn^,  4.309,  4,310. 

brushes^  3,893. 

connector,  cable  splicing,  ills.,  3,811. 

cylinder,  armature,  3,949,  3.950,  3,952. 

dip,  electro-plating,  3.461. 

economy  converter  operation,  3,533. 

electrolysis,  3,446,  3,447. 

electro-plating,  3.449,  3,458,  3,461. 

loss,  transformer,  3.512,  3.513,  3,516. 

medical  apparatus,  4.337. 

ring  in  alternating  fields  effect,  3.966. 

solder  for,  4,291. 

welding,  4.316,  4.325. 

wet  extraction  process,  3,447. 


Copper  ,~-CoMi«fftt«<{ 

wire^  3.632,  3.651,  3.658. 

carrying  capacity  table,  3.452. 
electro-platmg,  3.452. 
formula,  3,658. 
tensile  strength,  3,762. 
welding,  4.322. 
Copperset  water  heater,  ills.,  4.279. 
Cord  telephone,  repairing,  4,207. 
Core,  ormatMret  3,975. 

dynamo,  3,885,  8,878,  3,887. 
hysterisis,  3,885. 
iron  clad,  3.985. 
wooden,  ills.,  3,876. 
carbon,  3.840. 

discs,  a.c.  induction  motors,  ills.,  3,950* 
field  ma^ets,  3.955. 
hysterisis  in,  3.414,  3.415.  3,885. 
ixxm,  3.411,  3.414,  3,415,  3,499. 
trafuf^rmeTf   construction,   ills.,    8,400u 
3.492. 
iron,  8,499. 
loss,  8,512,  3,513. 
Core  type  transformer,  8.499-3,501. 
Corkscrew  rule,  current  divectaoa,  iUs.,  8,407* 
Corliss  valve,  air  drill,  4,089. 
Corona  effect,  wiring^  3,664. 
Cosine,  power  factor,  3,482. 
Coulomb (s)  and  amperes:  dif^  hyd.,  analogr* 
8,371, 8,618. 
definition,  8.374, 3,390. 
hydraulic  analogy,  8,372. 
Coupling,  conduit,  3,716. 

dynamos,  8,897. 
Covered  wires,  various,  84K84,  8,681-a,688. 
Cradle  suspension,  ills.,  4,086. 
Cranes,  4,149-4,157. 

box  section  girders,  iUs.,  4,152. 
bnJces,  4,152>-4,154. 
combined  rotary  and  rectilinear,  4,150. 
controller,  4,156. 
construction,  4,150,  4,152. 
gear,  collector,  4,156. 
motor,  3,794,  4.155. 

overhead  traveling,  wiring,  diag.,  8,7M. 
rectilinear,  4.149. 
regenerative  control,  4,155. 
rotary,  4.149. 
switch,  iUs.,  4,155. 
telphers,  4.156,  4,157. 
transporters,  4,150. 
traveling,  4,150. 
Creeping,  alternator  winding,  8,984. 
Creosoting  poles,  3.763. 
Crocker- wheeler  induction  motor,  iUs.,  8,956. 
Cross,  arms^  ills.,  8.764. 

magnetism,  dynamos,  ills.,  8,884. 
overs,  wiring,  3.680. 
studs,  3,734. 
Crossed  bell  circuit,  test,  4,173, 4,175. 
Crossing  wires,  3.675. 
Crow  foot  cell,  3.379. 
Crystal  wireless  detector,  ills.,  4,251. 
Core  loss,  transformer,  3.512. 
Cuneus,  Leyden  jar,  3.362. 
Current(,)  altematmg  and  pressure  limiting 
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),  S,fl70,  3,073. 
ii,e«».3.891. 
.. 1   liahting.  3,509. 

tntntfmnar,  8JIIM,  S.SlO. 
-lutunlndu  -  - 
^Uting.  3.1 


r,  3,983. 


clocLru 


k,  3  410, 3.4] 


KUKK  TUiVt  UJI.1  "r^^Hl  V,«lli 

oonacfew  rnl*.  ilk.,  3.407. 

Fuaday'i  dis.  Sag..  S,606. 

Leiu-ibw.3.WM. 

iJSht  iMod^nla,  3,407,  8.40B,  8.4I1> 
dktributioD,  uoutun,  3382,  S^. 
dTnudo,  33B3.  3.837. 
■ddr.  8.ST3, 8^80,  3,887. 
e&cU,3.3H. 
tkttiulyiii,  8,448. 
•tKEtnlytic,  nclifian,  SJHS. 
<Iwlro-,  maaiwtic  iiuluetiDn,  3.861-3.880. 

pl)>tiaa,3,4S3. 

iliBIvautKS,  4.333,  4.334. 
FanuUy'i  duoovtnr,  nil*,  3,803 
bult  loentioii,  8,621, 8,631. 
jMir,  canying,,  bonctei,  8.393. 

■ntam.  Urmg  oM,  8,729. 

T  Itum  engina.  ilU,,  3,478. 
coadDcton,  8471 


faUlood, _  .._ 

hydimulio  uulocy, 
"ia  phiM,"  8,W4. 


8.403. 
3.514. 


3i71.  3,489. 

^tinc,  8,509, 8,910. 
local  aimmtun,  8,964. 
law  pcnme,  3,452, 
aMSDM,ilIi.,OMO. 
iiBBiiatudna,  S.493.  3.4M. 
in««»ufmi«nt,a.394, 3.621. 
nwehuiiul  effect ,  8,393. 
motion  pictura  arc,  4J172. 
i«*or.ciieuH,tablt.  3.805. 

dnvfln  tooli,  4.033. 
neutTRlizinv,  nlay,  4.184. 
"do  lud,"  3,4M. 
po*«iaclor,  3,483. 
prpductioa,  cell,  3,418. 

nUy  AOcelentioii.  elavLtor  controller. 


ncondvy,  Ktion,  3.49S. 
■ee  AltenutiAS  Gumnt. 
—estichting,  3.509,  3,510. 


•enes  ugtitiiig,  a,ftuv,  •>, 
^lunt  motor,  8.793. 

(inuMidal,  4,£9. 


Ciurmtf,}  altunatliiu— CoMiKlMd 
.neatfii«,Bis^^ 
•olenoidi,  3.409-3.413. 

ilreiKlk.  voltameta,  8,617. 

witeleu  eemt  (witeb,  4.S49. 
mpply,  automatic  teleohnie,  4,311, 
lurgina,  3,947. 
Iilitlwtu,  (ouice,  4,193. 

automiticBipply.  4.311. 
teiting,  3,617. 
three  pliaM,  dee-  8.409. 
tiro  pbaie,  aw~  3.169. 
■   -  3/31. 


1,485(8.486 
, .,. ji,  4.330. 

mnlat,  bnr  voltaoe,  4,351. 
Metihaiu,  redio  bet 
Oirne,  eoid  mixing,  8,435. 

dielectric  Mmgth,  tmu 


teat,  musetJotion,  8.638. 
"  Cut  line*  onorca,"  3^1, 3,863. 
Cut  out,  einuit,  ilb.,  3.496. 

fuilty,  iplit  phue  motor,  4,008. 

plug.  Ok..  8,490. 

■witch,  4,010. 
Cutting,  out  kltenutoT,  4,023. 

line  ■tufting,  8,701. 

pncket*.  viruig,  3,743, 8,743. 

thrude,  oonduit  wiring,  3.716. 
C.  v.  wirekii  tmumitter  circuit  dug.,  4.257> 


■„  4,128- 
4,125. 
Deatitv,  current,  emuture  induoton.  3.9S3. 
de&iition,  3.440. 
masoetic,  8.983. 
Deiign,  dynamo  and  motDT,  3,970. 
Deik  type  automatic  telephooe,  illL,  4J1II. 
Delcctar,  ground,  a  j..  3.614. 
wirelea  telapaph.    '"- 


r^sw^ 
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7>eve]opin^  storage  batteries,  3,440. 

Dial*  automatic  telephone,  4,213. 

Diametrical  converter  connection,  ills.,  4,024. 

Diamond  drills,  4,038. 

Dieletric  strength  oil,  curve,  3,507. 

Difference  of  potential,  3.441. 

Differential,  control,  arc  lamp,  3,843-3,845. 

duplex  telegraph  system,  4,184. 

feed,  carbon,  3,840. 

galvanometer^  ills*,  3,566,  3,568. 

method  resistance  testing,  3,619. 

relays,  3,588. 

telegraph  system.  4,183,  4,184. 
Diffuser,  arc  lamps,  ills.,  3,856,  3,857. 
Diffusion  storage  batteries,  3,440. 
Digging  tools,  3.763. 
Dip  brazing,  4,307,  4.311. 
Diplex  telegraph,  4.181. 
Dipping  vessels,  electro-plating,  3,453. 
Direct,  connected  units,  3,024. 

coupled  units,  3,924. 
Direct  current  ampere  hour  meter,  3,607. 

arc,  3,842. 

lamp,  3.847. 

battery  charging,  meter  for,  ills.,  3,607. 

chan^ng,  3,524. 

circutt,  condenser  on,  3,474. 
opening  relay,  ills.,  3,560. 

converters,  3,529. 

elevator  controller,  4.132,  4,134,  4,135. 

Faraday  disc,  ills.,  3.607. 

Frahm  meter  reeds,  ills.,  3,607. 

intermittent,  ills.,  3.474. 

low  pressure,  3.452. 

machine,  reconnecting,  3,996-4,000. 

meter  reeds,  ills.,  3,607. 

motor,  3.903-3.911,  3.963,  3,964. 
wiring,  3,654,  3,791,  3.792. 

railway,  control,  4,094. 
motor,  4,086. 
service,  4,018. 
transmission  and  distribution,  4,079. 

reeds,  meter,  ills.,  3,607. 

rheostat,  3,562. 

right-hand  rule,  ills.,  3,407,  3,409,  3,411. 

starting  converter,  3,541. 

transmission  and  distribution,  railway, 
4.079. 

voltmeter  circuit,  4,027. 

wireless. 

wiring,  3.638. 
Direct  current  apparatus,  ammeters,  3,568- 
3.571,  3.607. 

astatic  needles,  3.564. 

circuit  breakers,  3,558,  3,559,  3.562. 

control  devices,  3,555. 

dynamometer,  3,570,  3,572. 
.     fuses,  3.555-3,557,  3.580. 

galvanometers,  3.564-3,568. 

mdicating  devices,  3.568-3,574. 

motor  starter,  3.560. 

plunger  type  instrument,  ills.,  3;570. 

regulating  devices,  see  Regiilating  de- 
vices, d.c. 

relay,  3.560. 

switches,  3.554-3,557. 


Ir«ct  currertt  apparatus. — Continued' 

voltmeters,  3,568-3,572. 

wattmeters,  3,570-3,574.. 
Direct  current  motors,  3.903-3,911. 

compound,  3.905,  3,91 1 . 

conductor,  in  magnetic  field,  3.906. 

connections,  compound  motor,  3.911. 
series  motor,  3,907. 

direction  of  motion  rule,  3,908. 

interpole,  ills.,  3.911. 

magnetic  force,  action  of,  3,906. 

mercury  motor  ampere  hour  meter,  il]s.» 
3,607. 

operation, '3,903-3,906. 

railway,  4,086. 

reverse  voltage^  3,905. 

reversing  rotation,  3',909,  3^910. 

series,  3.905,  3.907,  3,908,  3,910. 

shunt,  3.905,  3,906-3,911. 

speed  regulation,  3,908. 

starting,  3.907. 

stopping,  3.907. 

switch,  reversing,  3,909. 

variable  load,  3,905. 

winding,  interpole,  3,911. 

wiring,  3.651,  8.791,  3.792. 
Direct  deneotion  method  resistance  testimgr. 

ills.,  3.619. 
Direction,  finder,  wireless  telephone,  4,262» 

of  current,  clock  nile,  ills.,  3.410,  3,41 1«. 

of  motion,  motor,  rule,  3,908. 
Dirt  catcher  cone,  ills.,  3.731. 
Disc,  armature.  3.879,  3.922. 

Faraday,  ills.,  3,606. 

heater,  wiring  for,  3,655. 
Discharge,  cell,  3,428. 

over,  3.441. 

series,  ills.,  3,424. 
Diachaxging   battery,    3,420,    3,423,    3,424> 

3,440. 
Discriminating  cut  out,  4,066. 
Dismantling  armature,  3.984. 
Disque  Leclanche  cells,  ills.,  3,379,  3,381. 
Dissembling  commutator  for  repairs,  3,996» 
Distortion  of  field,  dynamos,  3,884. 
Distributed    core   type   transformers,    ills.,. 

8,500. 
Distributing  transformer,  ills.,  3,494. 
Distribution,  current,  alternating, 
armature,  3,882,  3,883. 

lamps,  various,  3,857. 

railwasrs,  4.079-4,082. 

systems  automatic  telephone,  see  Auto- 
matic telephone  systems, 

wiring  circuit,  8,639,  3,640. 
center  of,  3.727. 
District  station  installation  automatic  tele- 
phone, 4,238.' 
Divided  circuit,  3,388,  3.389. 
Dobrowolsld,  dynamo,  3.896. 

wiring  system,  ills.,  3,647. 
Door  opener,  wiring,  4,173. 
Dover  electric  iron,  4.283. 
Draught,  natural,  transformers,  3,5(M2. 
Drill(s),  air,  motor  driven,  ills.,  4.039,  4,040. 
brick  making,  3,761. 
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IMU(jt),— Continued 

motor  driven,  ills.,  4.029-4,031,  4,034, 

4.035,  4,038-4.040. 
wood,  3,760. 
Drive,  assembly,  electric  vehicles,  ills.,  4,061. 
chain,  electric  vehicles,  4,071. 
double  pulley,  ills.,  4.021. 
ignition,  magneto,  4,055. 
pump,  4,123,  4,025.^ 
ship,  see  Electric  ship  drive. 
Drop,  cord,  interior  wiring,  3,T48,  3,740. 
3,752. 
circuit  wiring,  3,665, '3,668. 
method  circuit  resistance  testing,  3,620t 

3,624. 
speci&c  gravity,  3.422. 
Drum,  armature,  3.922. 

dynamos,  3.675,  8,880,  3,883,  8,885. 
type  crane  controller,  4,156. 
Dry,  cells,  3,380,.S.382. 

storage  batteries,  8.440. 
DttctSy  ventilating,  transformer;  ills.,  3,491. 
Dumb  waiter  controller,  diag.,  4,136. 
Duncan  watt  hour  meter,  ills.,  3,574. 
Duplex  telegraph,  4,181. 
Dynamic  electricity,  3.361,  3,371. 
Dynamo,     alternator,     elementary,     3,867, 
3.868. 
and  motor,  machine  run  as,  3,999. 
armature,  3,524,  3.875. 
circuits,  3.882. 

commutation,  ills.,  3,889-3,891. 
core,  ills.,  3,878,  3.887. 

hysteresis  in,  3,885. 
disc,  3,879. 

drum,  3,875,  3,880,  3,885. 
electro-plating,  3,451. 
forces  acting  on,  3,897. 
Gramme  ring,  ills.,  3.524. 
inductors,  3,875. 

period  of  commutation^  3,889-3,891. 
ring,  ills.,  3.875,  3,885. 
slotted,  3,885. 
windings,  3,877. 
att<omo6t7ey  assembly,  ills.,  4.061. 

voltage  limiting,  4.066. 
bedding^  ills.,  3,874.  ' 
bipolar,  winding,  ills.,  3.880. 
brushies),  holders,  various,  3,892. 
adjustment  faulty,  3,890. 
sparking  at,  3.866. 
various,  3.882,  3,892,  3,893. 
car  lighting,  4.099. 
Classes  of,  8.893. 

coils,  3,873-3.875.  "^ 

commutation,  8.869,  3.88973.891. 
commutator  construction,  ills.,  3,891. 
compound,  3,894,  3,897,  3,900. 
failure  to  generate,  3,789. 
in  series  and  parallel,  diag.,  3,900, 

3,901. 
reverse,  3,789. 
wiring,  diag.,  3,789. 
wound,  3,896. 
coupling,  3,897,  3,901. 
cross  magnetism,  ills.,  3^.884. 


Dynamo, — Continued 

current,  3,867. 
description,  3,867. 
design,  3.970. 
distortion  of  field,  3,884.' 
Dobrowolski,  3,896; 
eddy  cturent,  3.872,  3,887. 
electro-plating,  iUs*,  8,451. 
electro-typing,  3,^1,  3,462. 
equalizing  rings,  ^JBS2, 
field,  distortion,  3,884. 

magnet  f  3,870. 

coils,  ventilation,  3,874. 
.   rheostat,  ills.,  3,426,  3.427. 
four  pole  machine,  3,876,  3,883. 
heating,  3,S74« 
hysteresis,  ills.,  3,885^  3,886. 
in  parallel,  3.898,  3,900. 
in  series,  diag.,  3.898,  3.900. 
laminated  poles,  3,872,  3,873. 
leads,  wires,  8.^2. 
lighting,  incandescent,  3393. 
losses,  3.893. 
maignet,  3,870,  8.871. 
magnetic,  field  alteration,  oiag.,  3,872« 

force,  3,906. 

lines,  8,885. 
magnetizing  coils,  3,873. 
meter,  o.c.,  8,604. 
motor,  8,524. 
multi-polar,  armature,  3,880. 

equalizer  rings,  8,883. 

winding,  8,873. 
operation,  3,868,  3,894. 
parts,  3,868. 
pitches,  8.883. 
regulatmg,  3.805. 
rotary,  ills.,  3.525. 
rotation  wrong,  4,000. 
running,  3,901. 
*  sdf",  exciting,  |>rinciple,  3,415. 

induction  in  coils,  3.886. 
separately  excited,  ills.,  3,^6. 
series,  diag.,  3.89^-3,895,  3.898. 
short  circuits,  testing  for,  3.902. 
shunt,  ills.,  3.893-3.896. 

external  characteristic  test,  3,629. 
sine  curve,  3.869. 
starting,  8.894. 
stopping,  3,902. 
switch.  Ills.,  3.426,  3.427. 
telegraph,  4,186. 
testing,  8,902,  4,027. 
three,  phase,  3.525. 

wire,  3,896. 
two  phase,  3,525. 
uncoupling,  3,900. 
ventilation,  3,874. 
voltage  changes,  3.996-4,000. 
Westinghouse,  4.063. 
winding,  see  Winding  (s)  dynamo* 
Dynamometer (s),  3.603-3,605,  3,613. 
alternating  current,  3.604. 
direct  current,  3.570,  3,572. 
electro-,  ills.,  3.603. 
Siemen's,  ills.,  3.603. 
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Bwth  utiliMd  lot  conduEior.  S377. 
BcHpn  botinc  unit,  ijae,  4.27B. 
"" RiU,  a,S7i,  S,8S6,  B,8ST. 

in  dynuno.  8.873, 3.887. 


an  bnke.  cmib4,161. 

in  dynuso.  8.873, 3.887- 

in  tmufDHBtn,  8,512, 3.E13. 


BdsB  buimnc,  bnnns,  4.313,  4.314* 
Bdmw  celli.  lingla  flud,  8.379,  3.382. 

dynuno  bnuh,  8.802. 

ftnes,  iIli^3,£5T. 

nctifiBT,  ills.,  B.1I3. 

tube  nndergrDUdd  ■yttflm,  3,781, 
Btbct,  ciunnt,  DHcbuical,  3.38S. 

misnetic,  8,396,  8.308. 
Effectiv*  pieMurg,  a.c.,  diagn  ijUB. 
Efficisac7,  all  dar,  4,023. 

of  tnatfoTiiicr,  a.G14,  S.SI7. 
Blbcm,  conduit  wiring,  3,715. 
Hkctric,  ufufofif. 

jB,Hyd™'-- 
Meclu 


^S^^I'^bT; 


from,  ink,  4,343- 


t  IDeCbod  irirdea  telaaaphv,  4J39. 
»-'"-'  4^1B8-t,17fl. 

id  differBPtial  combined,  nil.. 


bngUralann,  4.174. 

bouen,  4,ie2,  4,163,  4.109,  4,173. 

circuit,  Duint^nCT,  ills.,  4.1ii2. 

tnnblei,  4.176. 
comWnatiDa  vibntiov  md  linglA  atrokv, 

combined  diffeicnti^  and  altnuti,  ilia.. 


wcuum  tube;  Jlli.,  3.S4t,  830. 
emmia4  pamtt,  Aa.,  ill>.,  S.855. 

■Buch  Ugfat,  Uble.  S.S4S. 

vuioul  tunpi,  3.8JS8. 
«i«r»m(i),  3,8<-' 

dutch.  nnau'tOimi,  iUb,  S344. 
conceDtna  diSuini,  8JU8. 
™- ,i —  ""i-ij»liii^  8,860. 


Bn,3340. 


diffuaen,  illi.,  S.Sfia,  8357. 
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iKtrioUfliUns,- 

diatnbiition  of  lunpi,  3,897. 
drnuno  for  mcuidacBat  Hghtuut  8pS03* 
Aettoda,  iUi.,  3£X,  ■3<ie. 
foot  cudk.illiL  3W. 

*Mt  tnd  nllKton,  UU., 

iatMidtir,  Ublbi,»aO. 
nwasb  Ubia,  SiSSB. 
fccMtoinH,  bulb,  a,BSO,  1391. 
a«1»B,  iMl. 

dTBuio  tot,  MM. 
Uth  vDtUe<>  8.SS1. 
lamt,  bicrcla,  U51. 

fliuiinti.  3,S4e,  SfiSD,  3,813. 


Nanut,  ^|E^ 

^8.853.       ' 
nR:,33S8. 


S.SSS. 

Elootflc  h^ttint, 

—   M— 


i,3,BSS,83S0. 
uud  ortun,  3,358. 


tutatum,  3,^ 
vuioui,  datiibu 
Uw  of  invma  imaTM,  iU 
lominoii*  mrot  3,847. 


iicter,il1t^33U. 

,, jni.  3387. 

nog  dutch,  rod  feed,  illi,,  8,343. 
•rarcli  light,  msrins,  llli.,  3343. 
Vtetrum,  8,S£S. 
BsitCDiu.iIls.,3,BAS. 
wcunm  tubt,  3.84S. 


•atria  U^Um,— Con 

wirinc,  IM  Wiring. 
ectrio  njhnyi,  4.073-4,113. 
attnalAv,  and  dinct  cum 


Blt«nutor,  thna  phtiM,  4/)81. 
■xla  lightins  of  on,  4,100. 
block  dsnlrcyntm.  il^,  4J0S. 
bmlEB,  4,oee. 
boatter,  dj,  iriUin.  4,079. 
biu  jumpw  looN.  4 ,113. 
cable  connsotionbtDken,  4,ia7> 
tar,  UD*  to  itart,  4,103. 

liEhtfaw,  4.0m,  4,100. 

beating,  4.100. 
catenar]'  constRWtion,  4.100,  4.109. 
aKomutatorfanltr,  4,109. 
eonduit  lyiteoi.  4J>Sl. 


dittribBtten,  Ills.,  4,079-4,032. 
'    -  'iad,  iteam,  catmarr  com 
4.1(0. 


IparVing  at  bnithefl,  4,100. 
aarlint,  aboomul,  4,107. 

fiiluie,  4.108,4,111. 

pnliiDinaiiea,  4,110. 
itatiani,    a.e.  tnuu.,  dJ- 

4,082. 
■uiface  contact  iytt«in,  4,03^ 
nritch  coDtnd,  ilb.,  4,098. 
■yitsaa,  4,078. 
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EUetrie  railways, — Continued 
third  rail  system,  4,084,  4,085* 
track,  4.102. 

train,  despatcher's  selector  system*  ills., 
4,110. 

fails  to  start,  4,111. 
transmission,  ills.^  4,079-4,082. 
trottey,  car  operation,  4,104. 

construction,  ills.,  4,083. 

line  construction,  4,102. 

overhead  system,  4,080,  4,^02. 

pantograph,  ills.,  4,084. 

underground,  4,085. 

wheel  and  harp,  ills.,  4,083. 
troubles,  4.103. 
truck,  4.097. 
Electric  ship  drive,  4,113-4,119. 

alternator,  turbine  driven,  4,117. 
driving  mechanism,  ills.,  4,113. 
elementary,  diag.,  4,113. 
gas  engine  and  dynamo,  4,114. 
generating,  plant,  4,113. 

set.  Lis.,  4.118. 
Hobart's  alter  cycle  control,  ills.,  4,114. 
instrument  on  control  panel,  4,119. 
machinery    arrangement,     iUs.,     4,118, 

4,119. 
Menlees  system,  4,114. 
merchant  ship  machinery,  ills.,  4,118. 
motors,  4,113-4,115. 

coast  guard  service,  ills.,  4A15. 

propulsion  induction,  4,118. 
resistor,  ills.,  4,118. 
turbine,  economy,  4,113. 
_  generator  get,  ills.,  4,118. 

Electric  vehiclc(s),  4,067-4,078. 
brakes,  foot,  ills.,  4,072. 
chassis,  construction,  iUa.,  4,073. 
controller,  4,072,  4,077. 

dual,  ills.,  4.073. 
controlling  apparatus,  diag.,  4,073. 
drive,  4.067,  4,071,  4,072. 
gasolme,  electric,  4,067. 
gear(s),  double  reduction,  4,071,  4,073. 
ills.,  4,073. 

for  heavy  trucks,  ills.,  4,071. 

herringbone,  4,060,  4,07l. 
and  silent  chain,  4,073. 
motors,  4,067,  <060. 
speed  changin9»  diag.,  4,075. 
three  speed,  diag.,  4,075. 
travel  capacity,  4,067. 
troubles,  4.075. 
Electric  welding,  4.322-4.326. 

Bemados  process,  4,323,  4,326. 
blow  pipe,  4,324. 
flash,  4.323. 

Sineral  hints,  4.325. 
oho  and  Lagrange  process,  4,326. 
oxygraph,  4.324. 
jump,  4.325.' 
Slavianoff  process,  4.326. 
^t,  4.323-4,325. 
Thomson  process,  4.323. 
various  metals,  4.325. 
Electrical,  and  mechanical  enefgy,  3,390. 


\,-^ontinued 
apparatus,  alternating  curren,t,  3,575- 
3,617. 

Biot'a  hemisphere,  ills.,  3,363. 

chimes,^  ills.,  3.367. 

circus,  ills.,  3.367. 

direct  current,  3,554-3,574. 

(electroscope,  gold-  leaf,  ills.,  3.364,i 
3.366. 

electrostatic,  ills.,  3.363, 3,366, 3,367. 

Faraday's,  $,363,  3,366- 

screen,  ills.,^  3,366. 

static  machine,  charp^e  f  ropi,  3,367. 

Toepler  Holtz  machine,  ills.,  3,370. 

Volta's  hailstorm,  ills.,  3.367. 

Wimshurst    static    machine,    ills.» 
3,370. 

wind  mill,  ills.,  3,365. 
.  horsepower,  3,391,  3,392. 
measuring  instruments,  4,026. 
waves,  shding,  3.376. 
wind  mill,  ills.,  3,365. 
Electricity^,  attraction  and  repulsion  of,  3.362. 
chemical  effect,  3.397. 
dynamic,  3,361, 3,371.  ?.      . 
free  and  Dpund,  3,366. 
induction  spheres,  3,363. 
magnetic,  3.375. 
magnetism,  3.361. 
mechanical  effect,  3,^8*  - 
negative,  8,262'. 
positive,  3,262.  .. 
radiation,  3,361. 
radio,  3.377.    ; 
rules,  see  Rules* 
static,  3.361,  3,371. 
Electri&ed  steam  railways  cateqary   const.. 

ills..4.100. 
Electro-cautery,  4.340. 

dynapujmeter,  ills.,  3,603. 

Siemens,  ills.,  8,572. 
magnet,  ills.,  3.865,  3,^71. 

telephone  transmitter,  4,195. 
magnetic,  field,  ills.,  3,375,  8,663. 

induction,  3,861-3,866. 

rectifiers,  3,552. 

waves,  4,239^  4,241. 
Magnetic  Tool  Co,,  drill,  ills.,  4,034. 

hammer,  ills.,  4,039. 
,  steels,  ills.,  4,038. 
magnetism,  3,473. 
Electro-plating,  3,449-3.462. 
amperes,  table,  3,452. 
apparatus,    mechanical,    3,452,    3,4549 

3  455.   ' 
barrels,  3,452,  *3,454-3,457,  3,461. 
brass,  dif.,  3,461. 
brushes,  ills.,  3,454. 
burnishing  barrels,  3,457. 
cleaning,  3,452. 
copper^  3,449,  3,458,  3,461. 

wire,  3,452. 
current,  3,452. 
dipping  vessels,  3,453. 
dynamo,  armature.  3,451. 

bnuh  yke,  ills.,  3,451. 
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Elactro-platlncr — Continued 
electrolyte*  8*449. 
electrotyping,  8,462. 
galvanizing^  3,461.  3,462. 
German  silver  picKle»  3,461* 
p[old,  8.449,  3.458. 
iron  pickles,  8,460. 
lacquer  room,  ills.,  8,457. 
nickel,  3.449.  8,458,  3,462. 
pickles  and  dips,  3,460,  3,461. 
pMshing,  and  grinding  machines,  3,459, 
8,460. 

powders,  8;457. 
silver,  3,449,  3,458,  3,461. 
solutions,  8.458. 
stripping,  3.449,  3,450. 
tanks,  8.453. 
three  wire  system,  3,450. 
troughs,  8.453. 

tumbling  barrels,  8,454,'3,455* 
two  wire  system,  3,450. 
vats,  3,453. 
Walrine  wheels,  3,460. 
Electro-therapeutics.  4,3^1-4,340« 
bath  cabinet,  ilLs.,  4,336. 
cautery,  4,340. 
current  used  for,  4,334. 
electrodes,  epilatory,  4.336. 

high  frequency,  ills.,  4,331. 

selection  of,  4.336. 

vacuum,  4,338. 
epilation  set,  ills.,  4,336. 

gVanic  therapy,  4,338. 
h  frequency  apparatus,  4,332. 
^^  uction  coils,^  ills.^  4,332. 

influence  machine,  ills.,  4,331. 

interrupters,  4.333,  4.334. 

mechanical  vibration,  4,839. 

vectal  apparatus,  4,332,  4.337,  4,338. 

rectifiers,  4,333. 

reflex  set,  ills.,  4,336. 

sinusoidal  theraphy.  4,338. 

wires,  platinxun,  4.340. 
Electrode,  3,397,  3,550,  3,839. 

electrolysis,  3,442. 

electrolytic  rectifiers,  3,548. 

electro-therapeutics,  4,381, 4,332,  4,336. 
4,338. 

epilatory,  4,336. 

lamp,  metallic  flame,  ills.,  3,846. 

lighting,  ills.,  8,839. 

medical,  4.331,  4.332,  4,336,  4,388. 

small  starting,  3,550. 

vacuum,  4,338. 
Electrolysis,  3.442-3,448. 

alkaU,  3.442. 

aluminum,  3,442,  3,443. 

battery,  ills.,  8,445. 

bleach,  electrolysis,  3.442. 

bullion  refining,  3,443. 

cell,  3.445,  3.447. 

chlorates,  3,445. 

copper,  3.446,  3,447. 

current  in  N.  Y.,  3,448. 

electrode,  3.442. 

electrolyte,  3,442-3.448. 


Electrolysis,— Coni*fiM^<f 

Gibbs  x>rocess,  ills.,  3,443. 

hydrogen,  3,446. 

hypochlorite,  3,445. 

laws,  Faraday,  3,397. 

nickel,  3.448. 

oxygen,  3,446. 

ozone  production,  3|446. 

potassium,  3.447. 

Schoop,  3.446. 

aodiiun,  3,447. 

tin,  3,448. 

water  decomposition,  3.899. 

adnc,  3.448. 
Electrolyte,  caustic  soda, '3.446. 

cell,  parts  of,  ills.,  3,397,  3,398 

definition,  3.440. 

electro-plating,  3,449. 

electrolysis,  3,442-3.448. 

freezing  pomte,  diag.,  3.421. 

fused,  3.447. 

Gould  cell,  ills.,  8.417. 

Grotthuss  theory,  3.397. 

hydrometer  reading,  3,418. 

lead  sulphate,  3,418. 

or  acid,  3.440. 

renewing,  3,433* 

sediment,  3,433. 
Electrolytic,  cell,  cleaning,  8,434. 
current  production,  3,418. 
Grotthuss*  theory,  3,398. 

lightning  arresters,  ills.,  3,563,  3,591. 

rectifiers,  3.548,3.549. 

wireless  detector,  ills.,  4,252. 
Electron  elevator  controller,  ills.,  4,134,4,135. 
Electrophorus,  ills^  3,368. 
Electroscope,  gold  leaf>  ills.,  8,364,  3,366. 
Electrostatic,  apparatus,  ills.,  3,363,  3,366, 
3,367. 


field,  3.375^  3.663. 

resistance,  mflt 


luence  machine,  4,331. 
Electrotjrping,  3.462. 
Elementary,  alternators,  3,473,  3,867,  8,868. 
8.913.  3,916,  3,923. 
armature,  3,875. 
beUs,  4,159-4.160. 
circuit  breaker,  3,558,  3,583,  3,584. 
lamp,  arc,  8.842,  3,843. 

Nemst,  8,852. 
motion  picture  machines,  ills..  4,aC7 

4.268. 
pole  changer,  4,185. 
pomp,  4,120-^,122. 
relay,  3,585,  4,179,  4,187. 

transformer,  ills.,  3,688. 
ship  drive,  4,113. 
telegraph,  circtiit,  4,179,  4.180 
duplex  system,  4,182, 
repeater,  4,180-4,182 
sounder,  4,178. 
transmitter,  4,177. 
wireless  circuit,  4,257. 
Elements,    storage   battery,    3»432,  '3,485. 

3,436,  3,440. 
Elevator(s),  4,129-4,149. 

adjusting  caution,  4,146. 
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diivBi  woim.  lU 


_.      _a,idt.,  4,iao. 
it  itim  4,148. 
—Jora,  4036,  4430. 

■tHter  cxntw^  4,140. 
opaotini  iiutructiani,  4.144. 
dtiieimtnil]a'.duK.,4.t4S,4,U7. 
ovBTtiavtl  prevention  device,  ill*.,  4,14fi. 
■ifetv  devk«,  illi.,  4,148. 
fwitai,  4.133,  4,tas,  4,138,  4.140.  4.142, 

tnction,  i.ao.  4.143,  4,143. 

scloecd.  arc,  lunpi,  8,Sk^  S.SSS. 

plug  iwi^.  Oil.,  3.S7e. 

cuton,  Bx^  Ota.,  a,84t. 

diffmerforMralai 


jUsfimiit,  convertoi,  3,£34,  ifiHt. 

fine  aHutnietion,  anmture,  3,B91j3SS8. 
'BmenCf,  electncal  and  mechenirel,  3490. 
Bscine  locUion,  power  itatiotu,  4/)17. 

Bnt*   ctu^ig    and    l!flht*T|g    ■yitem,    ^tt».^ 


luuner,  QynunDior,  ou 
rinBi.  8,883.3,883. 
Bqailumg,  Mong*  batUiy,  3,440. 
Bquivulaot  ot  heat,  eppaivtai,  3.393. 

Matlci  and  Davi*,  3.3SS. 
Equivalaat^  wire,  tatda,  B.637. 
Hnctins  valm,  S.MS. 
Bther  waveh  wiraltM  tdearaph)',  4.241. 
Ewopeaa  teieeraph  nnrteoi,  Uli.,  4,179. 
Bviporatiira,  ■tones  ^tterie),  3,440. 
Ewiler,  jt— ■ "~~~ 


catductoTif  pomteil,  effect,  3 

etdTcnt  action  on  vilenoida,  ilu..  a,4iu 

deetmtatib  3,303. 

Pknday'i  discovery,  ill*.,  33SI. 

Oa^ml'i,  SJ09. 

Joules.  3^. 

Xmra't  lav.  Ilk.,  8,806. 

wirelentelcnuihr  ftiTn*ei,  ilU.,  4.34 

Monin  batteru*.  8,431. 

irin^S73,  S.BS1,  3,891. 

tolephOM,  Ok.,  4ja3. 


na't  tbeorr,  nuanetiim,  8,418. 


Pectoirwiflas,  l.Sgl. 
FaaotiDt.D^XliB,  4,317,  4,318. 
hutiai£-Maiie  armature  ooO*.  Ub.,  8,976. 

flald  coili,  ills.,  3.978. 

T.  R,  machine,  ilU.,  3.S71. 
Fall  o£  poteotiBl  tneC-*    — '- 

3.6 19. 
Fafsd,  di&iition,  3,478. 
Faradar.  din,  ills.,  SAM,  3,607. 

ditcoveiT,  a.HSI.  3383. 

electricel  ftpparatui.  8.363,  8,368. 
Paiadic  current  wave,  medical  apiiaratui. 


Fault,  ■finder,  Leedt 


1.335. 
r,  Leedt 
3.831.3. 


colli,  armatuit,  3,073. 
ooniuction  (>),  wTOng.  8,S99. 
a.c.  induction  moton,  Uli 
■'      /,  4,090. 


distortian,  ill*.,  3,884. 
electrmucnetic,  lUa.,  8,375. 
dtctroiutic.  3,375. 
~~ '  m  altamatOT,  8.B20. 
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I'X-l^^^Tij^'.^ 

ntilation,  3,S74. 

dynamo,  3.8TO.  ' 

Foramlal*),    armature  calculations,  3,975- 

various,  ills.,  3.8 
magnetic,  ills.,  3,375, 

0,  3,871, 
,398.3,403,3,407, 

3,979,  3,982. 
(irtuil  eapacily,  3,861,  3,882. 

3.409. 

impedance,.  3, 483, 

multi-polar,  3fi2t. 

3,426.3.427. 

cunmit,  ftltemating,  calculations,  3,476- 
flow,^3!67C>. 

Pilaii 

1,  3.850, 

Film, 

&^&.  3.958. 
power  (actor,  3,483. 

Filte 

Piaii 

■Wiring 

wire,  copper,  3,658. 

Biie,  3.648,  3.864-3,668. 

Fire, 

mirina   i-a\i-M\aAi\T.a      ^  tViH      t  ASQ      1  A4^— 

winng  caku,«„n^6i^^3,m  3.642 

Fgrt  Wayne  arc  lamp    ills.,  3.844. 

Firfii 

pole  piece,  ills.,  3,873. 

Fishi 

watt  hour,  meter,  3.605-3,606. 

Fitti 

,  3.718. 

Foucault.  currents,  3^86,  3,887. 
Four  party  line,  telephone,  ills.,  1.201. 

07. 

dynamo,  ilk.,  3.876,  3.883. 

Fiiti 

Fractional  horse  power,  field  windings  short 

motor,  4,010^,012.  ' 
Frahan,  meter  needs  d^..  ills.,  3,607. 

Flag.,  sign  flashere,  3,828. 
Flaming  are,  3.841. 

^tW^^:^'^^^.  ills..  4,1*0. 

Freeand  bound,  electricity,  3,366. 

lamp,  3.847,  3.858. 

Preeang  points,  electmlyte,  diag.,  3,421. 

Flash  DVETs  conVBrtEiB,  3, 

Plat  iron,  wiring  for,  3.05 

chan^,  4.000. 

Fleming,  mis  induced  our 
valve,  wireless  detect 

lint,  ills.,  3,884. 

changing  sets,  3,546. 

a.Kl.0. 

conveners,  3,529. 

Fleiible,  nKiduil  wiring. 

meteta,  ills.,  3,608,  3.610. 

power  wiring,  3,' 

87,  3,788. 

wiring.  3.662. 

irfwft  and  multi-speed 

maton,illt-.  4,032. 

wrong.  4.009. 

tubing,  wiring,  3,475 

?^»»rS"-'.'Ctf-.S'- 

Floon,    Had    trirn    reiilaciiig   after   wiring. 

3.743. 
taking  up  for  wiring. 

3.780, 
3,730,  3.739. 

Pull  magnet  elevator  controller,  4.132,  4.135. 

3,023. 

Plow,  current,  see  Curren 
Fluii  balterv.  3.381. 

flow. 

Furnace,  braring.  ills.,  4.308. 

■oldeiing,  4.793. 

Furring  strips,  wiring.  3,730, 

'■"'i'AV^^-'^'X^-,. 

i.soe. 

292,  4589. 

blow  out  electric  rwlways,  4,112. 
blowing.  3,M7, 

,£11^,44)72. 

Sf™iS3!r.XfISs,""°- 

.113. 

D.&w!;  ills.,  3.588. 
di^t*fu™^:55S-3,557,  3.680. 

Edison,  ills.,  3.557. 

sHmblr,  ills.. 

endoaed,  ills.,  3.555,  3.657. 
ferrule,  ills..  3,58ir 
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Fum(s)  t-^oniinuid 

open,  3,555.  3,557. 

plYjg  type*  3.565,  3,581.  3,70O» 

quick  break,  ills.,  3,581. 

railway,  ills.,  3,557. 

sneak  current,  3,557. 

types  of,  3.754. 
■   ,  wire,  material  used,  3,555. 

W.  U.  pattern,  ills.,  3.557. 
Fused  electrolyte,  3,447. 
Fusing,  of  house  circuit,  3.758. 

table  wiring,  3,754. 
Fusion,  welding,  4.320. 


G 


Galvani,  frog  leg  experiment,  3,309. 
Galvanic,  ourrent,  medical  axiparatus,  4,335. 

therapy,  4.338. 
Galvanized,  conduit,  3.710. 
Galvanising,  electro-plating,  3,461,  3.462. 
Galvanometer,  du:.,  3.564-3.568. 

resistance  testing,  3,617,  8.610. 
Garage  wiriog,  3,677. 

Gas  and  electric  combustion  fixture  wiring, 
3.702. 

engine,  electric  ship  drive.  4,114. 
drive  unit,  ills.,  4,018. 
ignition,  cable,  ills.,  3.632. 

lamps,  3,858. 

pipes,  wiring  across,  3,712. 
Gasoline-electric  vehicles,  4,067. 

torch  wiring,  8.700. 
Gassing  storage  batteries,  3.422,  8.440. 
Garage,  wire,  3.644. 

table,  3,634. 
Gauss,  magnetic  circuit,  3,405. 
Gear,  electric  vehicles,  4.060,  4.071,  4.073. 
Geared  motors,  ills.,  4,086. 
Gearless,  locomotive,  4,097. 

motors,  ills.,  4,0i86. 
Gem  lamp.  3,851,  3.86a 
General  Electric,  alternator,  field,  ills.,  4.115. 
turbine  driven,  ills.^  4.117. 

armature  end  ring  const.,  ills.,  3.951. 

brush  rigi^ng,  ills.,  3.526. 

choke,  coils,  ills.,  3,592. 

clutch,  induction  motor,  ills.,  3.963. 

commutatort  ills.,  3,526,  3.535. 

controller,  diag.,  3,795. 

converters,  3,527,  3,532. 

current  limiting  reactance,  ills.,  3.582. 

lightning  arrester,  ills.,  3,563,  3.591. 

magnetic  blow  out  arrester,  ills.,  3.562. 

manhole  junction  box,  ills.,  3,783. 

motoTj  du:,,  ills.,  3.792. 

smgle  phase,  ills.,  3.805. 

moving  coil  oscillograph,  3.614. 

rectifier,  mercury  arc,  ills.,  3,551. 

relay,  ills..  3.582. 

slip  propulsion  machinery,  ills.,  4.119. 

sign  fiasher,  ills.,  3,832. 

starting  compensator,  ills.^  3.598. 


Genmral  Eleetrie, — ConUnued 

synchronous  motor,  ills.,  3.943,  4.115. 

transformers,  3,490,  3.492,  3.496*  3.506, 
3,507,  3.510. 

voltage  regulators,  3,506, 8.697. 
Generated  pressure,  3,964. 
Generating  plant,  electric  ship  drive*  4.118, 

4.118. 
Generator^  driving,  automobile,  ills.,  4.062. 

electric  railway,  4.080. 

ozone,  4,333. 
Geneva  movement,  motion  xncture  rwn^^««^, 

ills.,  4.269. 
German  silver,  pidde,  electro-plating,  3.461. 

solders,  4,294-4,297. 
Gesellschaft  l^htning  arrester,  8,590. 
Gibbs,  oeU,  3.445. 

process  electrolysis,  ills.,  3.443. 
Gilbert,  magnetism  experiments,  8,413. 
Glass  insulators,  outside  wiring,  3,764. 
Globes  electric  lighting,  3.857. 
Glossary  storage  battery  terms,  3,440. 
Glut  weld,  4,317. 
Gongs,  wiring,  3,701. 
Gold,  electro-plating,  3,449,  3.458. 

solder  for,  4.291,  4,297. 
Gould,  by  pass  control,  ills.,  4,127. 

cell,  3,417. 

pressure  regulator,  ills.,  4.127. 

storage  battery  repairs,  3.429-3.438. 
Grab  bucket  trolley,  4.150. 
Gramme  ring  armature,  3.524,  3,932. 
Graphite  anode,  3.550. 
Gravity  cells,  3,382. 

drop,  annunciator,  ills.,  4.171. 

circuit  maintainer,  ilk.,  4,174. 

see  Specific  gravity. 
Greenfield,  armored  cable,  ills.,  3.706,  3.788. 

flexible  conduit,  ills.,  3.708. 
Grenet  cells,  3,379,  3,881. 
Grinder,  motor  driven,  ills.,   4,086,   4.036b 

4,038. 
Grinding  commutator,  3,990. 
Grotthuss'  theory,  3.397,  3,398. 
Ground  clamp,  ills.,  3,718. 

connections^  converter,  3,527. 
lightning  arrester,  3,591. 
transformers,  diag.,  3,523. 

detectors,  ax*,  3,614. 

return,  bell  circuit,  4,170. 
Grounded  armature  9oil,  locating,  ills.,  4.006. 

connections,  4,010. 

plate  split  phase  motor,  4,008. 
Grounding,  compensator,  4.011. 

conduit  wiring,  3,720. 

electric  railwairs,  4.111, 4.112. 

metal  moulding,  wiring,  ills.,  3.688. 
Group,  definition,  8.440. 
Grouping    of    Unes,    automatic    telephone, 

4.231-4.234. 
Grove  cell,  3,381. 
Gun  metal,  solder  for,  4,291. 
Guy,  anchor  log,  ills.,  3,765, 3.76d 

pole  line,  3.767. 


INDEX  OF  GUIDE  No.  8 
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Hagcn  sleotrii:  f  uniaee,  illL,  «.280. 
Ha&  coil  winding,  ultcnutor,  iUs^  3,9^ 
Hanunw,  bnsk  igniur,  ills.,  4,MT> 

caulking,  ill!.,  4,041. 

drill,  ills.,  4.037. 

motor  driven,  4,03B. 

pocumitic,  ilk.  4,041. 


Hand  control,  mil 
H&uBOii    Add    Ve 

Hardwood  floor,  t 


1     Wmk 


K,  3,760. 
Ii.,  3,770. 


ty  iRoduced  by,  3.3M. 

, _-0  principle,  iirtx  floobsr 

f«et,  heating  unit,  4.378. 
Joule'alav,  3,30S. 
ba,  4,2S4. 

Heatnd),  car,  4TtOO,  4.202,  4,282. 
diKitove,  ilia.,  4,280. 
interna;  circuita,  ilia.,  4.280. 
range,  illi.,  4,Z8S,  4,280. 
water,  4.270. 

HeBtiag,4,27e-4!289. 

-—•-re  winding,  4,(nG> 


4.289. 

tonperature  regulation,  4,2] 


windings,  4.00S. 

wiringlor,  4.278,  4,288. 
He«vy  duty  belli,  4,163,  4.16fi, 
Halioc  arc  lamp,  ills.,  3.346. 
Helil  wireless  telcsraphy,  illi.^  4,351. 
Hftndcraon's  boring  machine,  ilk.,  3,760. 
Henry.  3.470,  8,4^. 

Hemngbone  drive,  electnc  vehicles.  4,080, 
4,071.  4.078. 

pumps,  4.123. 
BstenpoLBrinducton,  alternator,  ill*.,  a,eiS. 
Hickey,  wiring,  3.711,  3,714,  3.7IU, 
Higii,frBa<u<uy,  medical  aKAratus,  4,332. 

oflcillatictfis,     wtnless     tekcraphy, 
4,244. 

■peed  sigD  flaiben,  ills.,  3.S2S,  3.327. 


lenaiou  uniuon,  lus..  «,uia,  iakw. 

tcUati,  bells,,  4,163,  4.16S. 

diuge,  ilU.,  3,4£7. 

incandescent  lighting,  3.851. 

Bill  pump  and  switch,  Uls.,  4,123. 

Uobart'a  alter  cycle  control,  4.114. 


Hole,  boring  for  wir 
digging,  3,76(1. 


{,  3.608.  3,703,  3.704. 


. jut  boaei,  3,781. 

Holo^ui»globauidreflscton,B,85e,3,S£7, 
Holtiet.Cabat,  Ughting  magneto,  lUs.,  4,0Se. 
wniiig,  dilg.,  3,706,  3,797. 


definition.  3.415. 
looD.  iron  core,  ilia.,  3,41*. 
,  3.612,  3.513. 
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Ignitkm,  4.043-4.057. 

dxcttit.  4.048. 

coils,  ills.,  4.051. 

conUaci,  breaker,  4.051* 
maker,  4.051. 

double,  4.0a6,  4.057. 

dual,  4.055,  4.057. 

high  tension.  4.048.  4.0S5. 

hot  tube,  4.044,  4.046. 

hydraulic  analogies,  4.045»  4,047. 

igniters,  4.047. 

indicator  cord,  i)oint  of  ignition,  4.043. 

induction  coils,  ills*.  4.050. 

jump  spark,  ills.,  4.048,  4.057. 

low  tension,  ills.,  4,046,  4.053. 

magnetos,  4.052-4.055. 

make  and  break,  ills.,  4.046. 

master  vibrator,  coil,  diag.,  4,061. 

mechanical  vibrator,  4.051. 

methods,  various,  ilk.,  4.044. 

naked  flame,  4,046. 

point  of  ignition,  4.043. 

spark  plugs,  ills.,  4.051. 

synchronous,  high  tension,  4,055. 

timing,  4.043. 

vibrators,  4.051. 
Illumination,  3,856,  3.860. 

motion  pictures,  4,200. 
Immersion,  brazing,  4,307,  4,311. 
Impedance,  3.479-3.483. 
Impressed  pressure  circuit,  diag.,  3,47(^ 
**In  parallel,"  conductors,  3388. 

dynamos,  3,900. 
"In  series,"  dynamos,  3.900. 
laeandesoent,  lighting,  3.849-3.856. 

constant  current,  3,509,  3,610. 
dynamo  for,  3.893. 
monocyclic  system,  3,918. 

sign,  ills.,  3,851. 
Inclined  coil  measuring  instrument,  3,601. 
Indicating  apparatus,  3,564,  3.568-^,616. 

for  full  ixidex,  see  Alternating  cxirrent  ap- 

g stratus,  indicating,  and  Direct 
urrent  apparatus,  indicating. 
Indicator,  card,  point  of  ignition,  4,043. 
compound  motor,  3,7S7. 
phase,  3,613. 
Indirect  lighting,  3,854. 
Induced,  charge,  3,366. 

current,  rules  for,  3,864,  3,865. 
voltage,  3.862,  3.863. 
Inductance,     alternating     current,     3.465, 
3.476,  3.479. 
drop,  3.662. 
experiment,  3.474. 
ohmic  value,  3,479. 
table,  3,661. 
test,  3.471. 

variable,  a.c.  induction  motors,  3,968. 
Induction,  a.£.,  3,469. 

motors,  3.948-3,963. 
charge  by,  3.36$. 
circmt  wiring,  3,664. 
coil,  condenser,  3,368. 
ignition,  ills.,  4,050. 
medical*  ills.,  4,332. 


Induction, — Continued 

derivation,  3.954. 

electro-magnetic,   see   Electro-magnetic 
induction. 

instruments,  3.602-3.604,  3,610. 

method,  neutralised  series  motor,  3,066. 
Induction,    motor,    Crocker- Wheeler,    ills.. 
3.956. 
elevator,  4.129. 
Hobart's,  4,114. 
polyphase,  ax.,  3,948. 
railway  control,  4.093. 
Reliance,  ills.,  3.948. 
squirrel  cage,  3.967. 

mutuu,  3.480,  3.866. 

self-,  3.470,  3.471,  3.473,  3,866. 

spheres,  3.363. 

voltage  regulators^  3.593,  3.594. 

watt  hour  meter,  ills.,  3.605. 
Inductive  circuit  power  factor  test,  3,485. 
Inductively  ooui^ed  oscillation  dicuit,  4,244. 
Inductivity    method,    wireless    telegraphy. 

4,24a 
Inductor,  3.862,  3.876. 

alternator,  3.925,  3,926. 

armature,  3,875,  8,932. 

magnetos,  4.052,  4.053. 

type  alternator,  ills.,  3,915,  3,916. 
Inertia,  overcoming,  3.939. 
Influence  machine.medical,  ills.,  4,331. 
Inside  wiring,  see  Wiring  inside. 
Instantaneous,  polarities,  3.518. 

relays,  3,588. 
Instrument  (s),  enclosed  coil,  3.601. 

hot  wire,  3,570,  3,602. 

induction,  3.603. 

magnetic  valve,  ills.,  3,670. 

mowng,  coil  ty^,  ills.,  3.569. 
iron  type,  ills.,  3.560. 

plunger  type,  ills.,  3,570. 
Insulatea  wires,  3.677. 

properties,  table,  3,981. 

rubber  covered,  3,632,  3.643. 

touching  bells,  4,174. 
Insulation,  mica,  8,507. 

removing,  ills.,  3.757. 

transformer,  3.504-3.508. 

wires,  various,  3.681,  3.752. 
Insulators,  and  conductors,  3.384-3.389. 

wires,  3,675,  3,764,  3,760,  3,770,  3.773. 
Integrating  watt  meter,  3,605. 
Intensity  of  illumination,  ills.,  3,854. 
Inter-commtmicating  tel^hone  device,  4.196. 
Interoffice  trunldng,  automatic  telephone. 

diag.,  4^237. 
Interior^  lightinsu  3,844. 

wiring,  see  Wiring  inside. 
Interlocking  signal,  railway,  4,105. 
Intermittent,  direct  current^  ills.,  3,478. 

movement,    motion    picture    machine. 
4.269,  4,270. 
Internal  circuits,  heater,  ills.,  4^280. 

connections,  wattmeter,  diag.,  3,604. 

resistance  type  motor,  3,959. 
International,  ohm,  3, 618* 

volt,  3,617. 
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XXV 


Interpole  motors,  d,c,,  ills.,  3,911. 
Interrupter,  medical  apparatus,  4,333,  4,331. 

lightning  aiVesters,  3,592. 
Interurban  railways,  4,100. 
Intrinsic  brilliancy  table,  3,858. 
Iron,  armature,  3,953. 

brazing,  4,306. 

cast,  soldering,  4.304. 
welding.  4,325. 

dad  armature  core,  3.985. 

«ore,  hysterisis,  3,414,  3,415. 

introducing  in  solenoid,  ills.,  3.411. 
transformer,  3,499. 

filings   showing    field    distortion,    ills., 
3,884. 

heating,  4.283. 

loss,  transformer,  3,512. 

moving    iron    type    instnmient,    ills.* 
3,569. 

oxidation  of,  4,315. 

pickles,  electro-plating,  3,460. 

solder  for,  4,291. 

welding,  4,316,  4,325. 

wires,  3,632. 

wrought,  welding,  4,316. 
Isolated  plant(s),  power  stations,  4.017. 

switch  for,  3,727. 


J 


Jackson  heating  unit,  4,276,  4,279. 
Jar,  battery,  3,441. 
,  enny  pole  support,  ills.,  3,765. 
Jig  armature  winding,  ills.,  4.007. 
Jcumsons  rectal  tube,  ills.,  4,337. 
JointCs),  brazing,  4,310,  4,312. 

commutator,  repairing,  3,994. 

pole  line,  3,769. 

soldering,  various,  4,295-4.297,  4,300. 

top  branch,  ills.,  3,758. 

tee,  ills.,  3.758. 

wiring,  3,700,  3.756,  3.758,  3.769. 
Joubet's  method  wave  form  meastu«ment, 

ills.,  3.612. 
Joule's  equivalent  of  heat,  3.392,  3,395. 
Jump,  spark  ignition,  ills.,  4,048,  4.057. 

weld,  4,316,  4,319. 
Junction  box,  manhole,  ills.,  3,707»  3,783. 


K 


Kageman  soldering  bit,  ills.,  4,804 
Kelman  oil  break  switch,  3,578. 
Key,  telegraph,  ills.,  4,177. 

telephone,  ringing,  ills.,  4,198. 

wireless  telegraph,  ill^.,  4,248. 
IQlowatt,  3,391. 
Kinks  in  wirca,  3,679. 
Knife,  sharpening. 

switch,  3,554,  3,579. 

installation,  ills.,  3,748. 
sign  flasher>  3,822,  3,824. 


Knob,  and  tube  wiring,  3,696-3.703. 

porcelain,  various,  3,674. 

spacing,  wiring,  3,675. 

wiring,  3.673-3.675. 
Knot,  underwriters',  3,749. 
Kerzel  process.  Tungsten  lamp,  3,856. 
KyaaiziDg  poles,  3.763. 


L 


Lacquering,  electro-plating,  ills.,  3,457* 
Ladle,  soldering,  ills.,  4,294. 
Lag,  analogy,  3,477,  3.478. 

angle  of,  3,484. 

armature,  3,942. 

circuit,  diag.,  3,476. 

current,  3,415,  3.467. 

magnetic,  3,415. 

screws,  3,788. 
Laminated,  iron  core,  ills.,  3.499. 

poles,  dynamo,  3.872,  3,873. 
Laminations,  armature,  3,948. 
Lamp(s},  bank  of,  charging  with,  3,419. 

circuit,  wiring,  3,640,  3,643. 

Cooper-Hewitt,  3,858. 

distribution  of  various,  3,857. 

foot,  3,639. 

Gem,  3,851,  3.860 

in  parallel,  charging  with,  3,418. 

Nemst,  ills.,  3.852,  3,857. 

series  control,  3,842.^ 

watt  hour  consumption,  3,391b 
Lancaster  worm  drive,  ills.,  4,072. 
Langsdoxf  and  Gegole  frequency  meter,  ills., 

3.608. 
Lap,  brazing,  4.307,  4.311,  4,313. 

weld,  4.316,  4.319. 

winding,  3.877-3,880,  3,931,  3,983. 
Law,  Lentz  s,  3.866. 

9/,  electro-magnetic   induction,    3,862- 
3.866. 
inverse  squares,  lighting,  ills.,  3,854. 
Laying  out  transmission  lines,  3.664. 
Lead,  alternating  current,  3,476,  3,477. 

break  in,  armature,  4,003. 

circuit,  diag.,  3,476. 

converter,  3.537. 
Lead(s),  dynamo,  3.632. 

transformer,  3.493. 
Lead,  burning,  4,312-4.314. 

in  brazing  solder,  4,310. 

i)erozide,  3,418. 

solder,  4,290,  4,291. 

soldering  flux,  4,299. 

sulphate,  3,418. 
Leakage,  magnetic,  3,919. 
Leeds  and  Northrup  fault  finder,  ills.,  3,621, 

3.622. 
Lentz's,  current  measurcmcnt^.394. 

law,  current  direction,  3.906. 

electro-magnetic  induction,  3,865. 
Leonard  device  elevator  control,  diag.,  4,133. 
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Leyden  jar  aad  duchafa«r«  3.748- 

eondenser,  3,388. 

iofliunce  machine,  ilia-,  4.331. 
Ijght,  BOd  power  wim,  3,632,  S.OSZ,  3.76a. 

ugnals,  nilwmr.  iUi.,  4,103.  4,164. 

mvai,  4  J41. 

ui,  iW, 4.100. 

drcuil.  S.7BB,  3,S02,  3,840, 

conduit,  S,73Dr3.T^. 

dw«lliiiBi,  lee  Electric  lighting. 

fiituTM,  winM  for,  3^662. 

incuidtscint,  kb  Electric  lisbtuw,  i»- 

mtgncto,  illi.,  4,0S0. 

out  test  unutun  winding,  3,088. 

power  ■CatiQTU,  4,01S. 

Kaidence,  tnndbnner  oonnedJODi,  3,5  IT. 

■erio,  euirent,  8,609,  B.SIO. 

■ee  alao  Elecme  lightiiw. 

*ia^  pliua  lyrtam,  s7lS. 

wiring  for,  ho  Wiring. 
I.jghtniiig.   Biniten,   3763,    3,576,    3.S8S- 
8,S03. 

type  *ign  fluhen,  3.S27,  3328. 
Xilu  Had  uolilia  polei,  illi.,  3308. 
Ximit,  (top  elevator,  4.148. 

nritcii,  cinne,  illi.,  4,155. 
elevBtor,  4,144. 
Ximiting  device!,  a. c,  3,SS1,  3,583. 
XineCi)i  bank  conUcti,  automatic  telsphoce, 
diag.,  4,2ie. 

drop,  compenaatoi,  illi.,  3,507. 

of   force,    3,402,    3,408,    3,4DB,    3,413, 

3,861,  3.862,  a.gea. 

nla7,  automatic  telephone,  4,224  4.230. 
reautance,    telegraph,    Sliinun'i,    illi., 

■hafting,  cutting,  3,TGI. 
(Witch,     auUmmtic    teleiilione,     4,224- 
4,229,  4.235,  4,238. 

wiper    diiconnection,    automatu    t«l^ 
phone,  4,320. 
Xmenun'a  tooli,  iDi.,  3,TS7,  3,763. 
Xoadsd  tranifaimer't,  8,404,  3,4»S. 
Xocal  armature  current,  S,OM. 
Xodc  flut,  making,  3.760. 
lAcldng,  fitting,  wiring,  illi.,  3,718. 

key,  armature,  3,048. 

Xocomotivei,'varioni,  4,006,  4.00T. 
Xong  burning  dame  arc,  3,841. 
Xoom,  wiring,  3,676,  3,6M. 
-Loop,  hyitereaii,  imn  con,  illi^  3.414. 

Mumy,  teil,  illi.,  3.621,  3  833. 

MTVice,  connection  wiring,  ilU.,  8,771. 

teit,  3,631-3,623. 

wiring  diag.,  3.642. 
Looae  but  Jumper,  railway,  4,It2, 

tiaoiftnmer,  3,812-3,514. 
iow,  power  factor,  wattmeter,  3.604. 
Weaiure  aervico  awitehea,  3,570. 
UiHi<m,  ignllion,  illi.,  4,646,  4,053, 

tiaoiCormer  coosectiotiai  ita.,  3,516, 


X  brsalcBT,  diag.. 


Luminoui  arc  lamp,  3,S41,  3,847. 


M 


Macl.agaa  ainuaoidat  coutndlai>  Hit.,  4.337. 
Machine,  boiins,  wiring,  ilia.,  3,703. 

electric,  3.308,  3M». 

formed  coila  armature,  S.B85. 

motion  mctuie,  4,266- 

ToeplerJIolti,  8,360. 


*.lfS,  4. lis. 
Magnet  (■),  aatamatic  telephone,  4,224. 
badtv  masnetiKd.  iUi.,  3.401. 
bar,  ilk73,4e0,  3,401,  3,407. 
beU,  4,150. 
blowing,  3,846. 
brealdna,  lUa.,  3.402. 
cakulatunu,  armature  winding,  3.078> 

3,079. 
com,  dynamo,  iOi.,  3,871- 
corrent,ill).ti,)T5. 
dynamo,  3,370,8,371. 
electro-,  3,365,3,371. 
field,  varioui,  bla.,  8.S70, 3,371. 
hone  ihoe  illi.,  3,875,  3,400. 
-"e,  ilia.,  3.401- 


aelf-indnctuo,  3.473- 

apool,  3.070. 

tubeof  filioKi,  ilia.,  3,401. 


3.501. 
413-3,418. 


108,  8,407,  3,409, 
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MmtPMmtimtnf— Continued 

hysteresis  loop.  3,414. 

permeability.  3,411. 

residital,  3,415. 
Magnetite  arc  lampt  3,847. 
Magnetisation*  curve  test,  diag.,  8,028. 

theory,  ills.,  3,407. 
Magnetising,  coils,  dynamo,  3,873. 

cuxrent,  8,403, 8,494. 
Magneto,  automobile,  4,059,  4,062. 

ignition,  various,  4,052^,055. 

inductor,  4,052. 

self-excited,  ills.,  3,921. 
Mains,  wiring,  3,642,  3.649,  3,681. 
Major  insulation  transformer,  3,504,  3,506, 

3,507. 
Make  and  break  ignition,  ills.,  4,046. 
Management.  4,019-4,028. 

all  day  efficiency,  4,023. 

aUemaiar,  curves,  4,028. 
cutting  out.  4,022. 
operation,  4,019. 
wiring  dia^.,  4,024. 

armature,  movmg,  4,019.  . 

commutator,    injury    to,    prevention, 
4,019. 

comerter,  coxmections,  ills.,  4,024. 
rotary,  4,025,  4,026. 
starting,  4,026. 
synchronous,  ills..  4,025. 

drive,  double  pulley,  ills.,  4,021. 

dynamo  testing.  4,027. 

dynamotors,  4,024. 

electrical  measuring  instruments,  4,026. 

exciter,  wiring  diagram,  4,024. 

installation,  4.020. 

motor  generators,  4.024. 

selection  of  machines,  4,019. 

space  economy^  4,020,  4,021. 

switchboard  wiring,  ills.,  4,021. 

ssmchronixing,  ills.,  4,022,  4,0%. 

transformers,  4,023,  4,024. 

water  rheostat,  iUs.,  4,(^7,  4,028. 
Mandrel^  ills.,  3,777. 
Manganm  resistance  wire,  3,832. 
Manhole  junction  box,  3,783. 
Manning  electro-plating  dynamo,  ills.,  3,451. 
Marconi  system  wireless  telegraphy,  4.241. 
Marine,  aniUogy  power  factor,  3,482. 

search  light,  ills.,  3,848. 
Marksand  Davis  equivalent  of  heat,  3,392. 
Martin,  electrode  selection,  4,336. 
Mascot  wireless  condenser,  ills.,  4,251. 
Massey,  electrode  selection,  4.336. 
Master  button  system,  beKs,  ills.,  4,174. 

control f  railway,  4,090. 
wiring,  3,746. 

switch,  automatic  telephone,  ills.,  4,228, 
4,230. 

vibrator  coil  circuit,  diag.,  4,050,  4,051. 
Motthiessen's  wire  conductivity,  3,634. 
Maximum  value,  a*c.,  diag.,  3,464*  . 
Maswell'i  corkscrew  rule  current  direction, 
ills.,  3.407. 

magnetic  circuit,  3.405* 
Masda  lamps,  3,858»  3,800. 


McBlroy  system  car  lighting,  4.099. 
Mclntire,  sleeve  and  joint,  ills.,  3,769. 

twisting  clamp,  ills.,  3,770. 
Mcintosh,  cautery  transformer,  ills.,  4.339. 

mechanical  vibration  apparatus,   ills.. 
4,339. 

monomotive  rheotome,  ills.,  4,337. 

UnxversaUnode,  modahties  of,  4,335. 
Measuring,  ax.  circuits,  3,487. 

a]n>aratus,  3,600-3.616. 

circuit  resistance,  3,623. 

current,  3,621. 

heat,  ills.,  3.393. 

pressuni,  circuit,  3,751. 

wires,  8,638,  3,640,  3,646. 
Mechanical,  analogy,  capacity  effect,  3.475* 
hunting,  3,947. 
lag.  ills.,  3,478. 
sdf-induction,  ills..  3.471. 
wattless  currentf  ills.,  3.485. 

i^liance  Co.  core  discs,  ills.,  3,950. 

effect  of  electricity,  3.398. 

elevator  controller,  ills.,  4,133,  4,134. 

equivalent  of  heat  apparatus,  3,392. 

load  brake,  crane,  4,154. 

rectifiers,  ills*,  3,548. 

vibration,  e]ectro-therai}eutics,  4,339. 

vibrator,  4.051. 
Medical  electricity,  4,331-4,340. 
Menlees  system  ship  propulsion,  4.114. 
Merchant  ship  machinery,  ills.,  4. 1 18. 
Mercury,  arc  rectifier,  3.422,^3,550, 3,551. 

cathode,  3,550. 

motor  ampere  hour  meter,  3,606,  3,607. 

vapoTp  arc  lamp,  ills.,  3,847. 
rectifiers,  ills.,  3,550,  3,551. 
Meridian,  ills.,  3,375. 

magnetic,  3,401. 
Meite  and  Weiss  oil  engine,  ills.,  4,044. 
Mesh  grouping,  windings,  3,930,  3,931. 
Metal,  anti-fnction,  4,302. 

Babbitt,  4.302,  4.303. 

conduit  wiring,  3,712. 

moulding,  3,687-3.693. 

sign  flashers.  3,834. 

tubing,  breaking  apart,  3,760. 

used  in  rectifiers,  3,551. 

wet  extraction  process,  3,447. 

MeteUic,  circmt,  bells,  ills.,  4,170. 

electric  railways.  4,085.   . 

flame  arc  lamp,  3,840,  3,846,  3,847. 
Metallised  carbon  lamp,  3,858. 
Meter,  board,  3,745, 3,761. 

candle,  3,855. 

frequency,  ills.,  3,608,  3,609. 

power  factor,  3,486,  3,608. 

reeds,  d^.,  3,607. 

see  Ammeter^  Voltmeter,  etc 
Mica,  pad,  transformer^  ills.,  3,506,  8,507. 

washers,  how  obtauiad,  3,760. 
Michrons,  3,388. 
Microfarad,  def.,  3.476. 
Miaometer,  calipers,  ills.,  3,656. 

screw  gauge,  ills.,  3,644. 
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Miciophone    transmitter    telephone,     ills.* 

4,197. 
Mils,  def .,  3.638. 
Minor  insulation*  transformer.  3,504,  3,506, 

3,607. 
Modified  fotir  part  commutator  method  wave 
form  measurement,  ills.,  3,612. 
Mohawk  rectifiers,  ills.,  3.540. 
Moisture  in  windings,  4,009. 
Monocyclic  diagrams,  3,917,  3,918. 
Monophase,  a.c»,  3,467. 
Moon,motor  circtiit,  diag.,  4,064. 
Moore  vacuum  tube  lamp,  ills.,  3,847. 
Morse  telegraph,  single  line  system,  4,178. 
Code,  4.191,  4,192. 
wireless  code,  4,258. 
Motion,  alternator,  3,915. 
direction,  rule,  3,908. 
Motion  picture,  4.266-4.276. 
arc,  4,269. 

controller,  4,273. 
auxiliary  apparatus,  4.273. 
cameras,  4.274. 
current  for  arc,  4,272. 
illtunination,  4,269. 
machines,  4,266-4.270. 
carbons,  4.272,  4,273. 
elementary,  ills.,  4,267*  4^268. 
JUm,  4,274. 

feed,  4,267. 
framing,  4,270. 
repairing,  4,274. 
Geneva  movement,  ills.,  4,269. 
intermittent  movement,  ills.,  4,269, 

4,270. 
operation,  4,268,  4,275. 
parts,  4.267,  4,274. 
Simplex,  4,270. 
persistence  of  vision,  4,266. 
Motor(s)f  adjustable  speed,  elevator,  4.129. 
ax,  and  d,c,  combmed,  4,063. 

see  also  Alternating  current  motors, 
wiring,  3,793. 
and  dynamo,  machine  run  as  either, 

3,999. 
asynchronous,  3,525. 
automobile,  4,067. 
belt  slips  on,  cause,  3,787. 
calculations,  3.670-3,672. 
care  of,  instructions,  4.069. 
cascade  operation,  4,093. 
centrifugal  pump.  4,121. 
ctrcuU,  automotnles,  various,  4,064. 
current  table,  3305. 
three  phase^  3,521. 
clock  wise  rotation,  3,805. 
commutator,    see    Alternating    current 

motor  commuiaior* 
compensated  repulsionfiUs.,  3,967, 3.968. 
compensator  switch,  diag.,  3,803. 
compound,  indicator,  3,787. 
starter,  ills.,  3.561. 
wiring  diag.,  3.787. 
connections,  ills.,  4.063. 
control,  railway,  4.063,  4,088-4,006. 
converter,  3,629,  3,641. 


Motor  (•) ,  canvmrtmTp-'^otUifiued 

cascade,  ills.,  3,541. 
crane,  3,794. 
current  consumed,  3,789. 
design,  3.970. 
direa  CMrrcnt^,788,  3.963,  3.964,  4,086. 

see  also  Direct  current  motors, 
drive  assembly,  starting,  ills.,  4,061. 
driven  bells,  iUs..  4.166,  4.167. 

tools,  see  Motor  driven  tools, 
dynamo,  3,524. 
elevator,  4.129,  4.130. 
external  resistance,  4,093. 
fails  to  start,  4.011. 
fractional  h,p,,  ills.,  3,792. 
geared,  ills.,  4.086. 
gearless,  ills.,  4.086. 
generator's),  4,024. 

sets,  3.545,  3,546. 
grouping,  Christie  bridge,  4.091. 
Induaion,  4.093,  4.121,  4.129. 

see    Alternating     current    motors, 
tnduction, 
installizur,  precautions,  3.786,  3.787. 
load  and  speed  test,  ills.,  3,627. 
noisy,  cause,  3,787. 
outlets,  cable  connectors,  3,788. 
phase  wound  induction,  4,121. 
polyphase  synchronous.  3,040. 
precaution,  instidling,  8,786. 
propulsion  induction,  4,118. 
pumps,  4.120.  4,121. 
railway,  4,079,  4,086. 
repulsion  induction,  3.804. 
reversing,  ills.,  8,792,  3,798,  3,010. 
rotation  wrong,  4,000. 
Scotch  yoke,  ills.,  4,086,  4,007. 
•df-starting,  8.045. 
stries,  ills.,  3.785. 

starter  for,  3,560. 
ship  drive,  4,113-4,115. 
shunt,  3.561,  8.627,  3,786* 
tin^  phase,  a.£.,  8.062. 

connections,  3,802. 

fan,  ills..  8,062. 

General  Electric,  3.805. 

phase  splitting,  8.062. 

repulsion  induction,  3,804. 

wmng,  3.701*  3,705. 
slip  ring,  4,003. 
speed  changing,  3,000. 
spUt  phase,  reversing,  3,708. 
squirrel  cage,  3,807,  4,121,  4,120. 
starter,  ills.,  3,560,  3,561. 
starting  switches,  3,786. 
suspensions,  railway,  ills.,  4,086-4,088. 
switches,  3.786,  3,788,  3,780,  3,803. 
synchronous,  8,500. 

see     Alternating     current     motors 
sjfnckronous, 
tandem  drive,  4,020. 
testing,  3.62&n3,631. 
three  phase,  connections,  3,621,  3,802^. 

0,oU4. 

ship  drive,  4,113. 
test,  3,620,  8,630. 
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sssis&sir- D.,,  „^ 

tool  drive,  4,032. 

wiriiiE.  3.918, 

rules. 

4,137. 

two  thiue,  connectionB,  3,521. 

S^Sifc^^it,  3.5S1. 

.  tool  dnve  4.032. 
Umveiwl,  4,030. 

vthkles,  4.0fl7. 

volttsB  ehsjiges.  3.990-4.000. 

tBirim.  3.785-3,805, 

fllteroatiiwciuient,  3.793, 

csltndations.  3.65S,  3,702. 

power,  3.785-3,805. 

"• 

rating,  3.656. 

4/M7. 

SSS4S» 

3,786, 

1J89. 

Y  c»iiTiec^ais,'ujs^3',»)3. 
Motor  driven  tools.  i.mXtm, 

12. 

•.ill.-. 

^doM^iS 

piston.  4.0WI,  4.042. 

elcctne  drive.  4,030, 

grinder,  ills.,  4.035,  4,036. 
motois  for,  4.032. 

nfetr  (levies  for  drills.  4,031, 

KKW  qnke  driver,  ills.,  4.031. 

«itbiBe.ir  drill,  ills.,  4,042. 

Mould,  ooilB,  annature,  3,985. 
welding,  ills.,  4,321, 

3,486. 

Moulded  carbon.  3.840. 

Noi-efsBilder,  4,297. 

Moulding,  metal,  3.587-3,893, 

wooden,  3.682-3.68S. 
Moving,  coil  oscillograph,  3,614. 

Nut  lock  maidns,  3.750. 

_ 

iron  type  instnunent,  3,569, 3,600 

fl 

Muffle  trraang,  4.307, 

w 

Mule  pole  support.  3,765. 

Multi-,    exchange   aystem    automatu 

tele- 

phone,  4.231.  4,234, 

OerstedTdiscovery.  ills.,  3,404, 

^^Si- 

^ydiaulicanaiogy.'ilU-.  3,371. 
International.  3,618. 

Ohm 'a  law,  3.373,  3.374. 

uiut  coflttol,  railway,  4.09S. 

3.543. 

i^ngslculations.  3.830. 

Murray,  direct  connected  unit,  iUs.,  4 

017. 

Ol™icH™tance,3.4T2. 

loop,  ills,,  3,821.  3,622. 

OU,  break  awitch.  Kebnkn.  3.678. 

Mutual  induction,  electro-magnetic,  3 

850.   " 

transformer,  3,489. 

Bngjne,  4.048. 

wiring  drcuit. 

■wiSe.;  ilia..  3,678-3^.  3,SM. 

111 

■  ^ 

Old  woric  hanger,  ills.,  3.761, 

Nailing  inattuction,,  3.780.  3,761, 

XKX 
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Oa  and  off  type,  dgn  fladien,  8,825. 
Oodqgraph*  Ho9pita]ier»  ills.,  3,613. 
Oae  fluid  cells,  8.37&  3,379. 
Opai»  uc  lamps,  3,8&8. 
drcuU^  oells,  8,378. 

in  starting  motor,  4,008. 
telegraph  svstem,  4.170. 
fuses,  8,S65.  3,567. 
wiling,  3,678, 3.681. 
Qpticftl   system    motion   picture    machine, 

4,266. 
Osborne  safety  device,  drills,  ills.,  4,031. 
Oscillating,  circuit,  wireless  telegraphy,  4.257. 

waves,  wireless  telegraphy,  4.242. 
OscillationCs),  electric,  4.244. 

drcuxts,  wireless  telegraphy,  4.244, 4.248, 
4.261. 
OsaOograph,  moving  coil,  ills.,  8.614. 
Osmium  incandescent  lamp.  3.853. 
Osmosis,  electrolytic  cell,  ills.,  3,398,  3,399. 
Otis  elevator  controller,  4,133,  4.138-4.140, 

4.145,  4.147. 
Out  door  electric  lightuig,  8.846^  3.854. 
Ovtlet(s),  arc  lamp,  ills.,  3,723. 

box,  wiling,  3,712,  3.715,  3,723,  3,781, 

8J32,  3.751,  3.761. 
heating,  4.288. 
locating,  wiring,  ills.^  3.753. 
motor,  cable  connectu>ns,  3.788. ' 
pocket  cutting  for  wiring,  3,742,  3.743. 
wiring,  3.704. 

ceOing,  ills.,  8,731,  3.732,  3.738. 
■witch,  8.735. 
OtttfJBer  suspension,  arc  lamp,  3,854. 
Outdu3B|  conductors^  materials  fon8.762. 

wirmg,  transpositions,  ills.,  3.772. 
Ovttr.  charge,  3,428,  3,441. 
disdiarge,  3,426,  3.441. 
keadp  cable,  3.770. 

crane,  wiring  diag.,  8.794. 
trolley  system,  4.080,  4.102. 
wires,  instilation, 
heating  wires,  avoiding,  3,654. 
loadt  breaker,  3.427. 

relavs,  3,587. 
mounted  traction  elevator,  ills.,  4,130. 
travel  prevention  device,  elevator,  ills., 

4,148. 
voltage  relays,  3,587. 
Oxidation  of  iron,  welding^  4,315. 
Oxy-acetylene  blow  pipe,  ills.,  4.319. 
Oxjrdising  flame  brasing,  4,307. 
Oxygen,  3.446. 

Osone,  formation,  3,810.  3,815. 
generator,  ills.,  4,333. 
productioat  electrolysis,  3,446. 


P 


gadficpU  switch,  ills.,  8,580. 
Fadcord    automobile   motor    circuit   dias. 
-.  ,  4,064.  ^^ 

«lm  rule  induced  current,  ills.,  3.864. 


Panel,  board,  wiring,  ills.,  3,649. 

private  house  wiring,  8.728. 

switchboanl,  3.615.  3.616. 
Pantograph  switch  mechanism,  3.578. 
Parallel,  arc  lam^,  ills.,  3,844,  3,845. 

bar  suspension,  iUs.,  4.086. 

chargje,  3.424, 3.426. 

circuit,  arc  lamp,  3.845. 

connections,  transfonner,  8,515. 

light  rayB,.3.848. 

series,  wiring  distribution,  iUs.,  3,639. 

service,  wiring,  3.771. 
Partially  distributed  windings,  ills.,  8,923. 
Party  Unes,  telephone,  4.201,  4.202. 
Parts  add  gravity  cell,  3.379. 
Paste,  battery,  3,441. 
Paterson  motor  circuit,  diag.,  4^064. 
P.  A.  X.  automatic  teiephoiQe,  iUs«,  4,209. 
P.  B.  X.  tdephone  switchboard,  ills.,  4,197, 
4.199. 

troubles,  843,  844. 
Peavey  socket,  3,763. 
Pennsylvania  geariess  motor,  ills.,  4.086. 
Period  of  commutation,  ills.,  3.889,  3.891. 
Permeability,  des.,  3.411. 
Peroxide  of  lead,  3.418. 

wireless  detector,  ills.,  4,252. 
Persistenoe  of  vision,  motion  pictures,  4.266« 
Phase,  alternating  current,  3,465,  3,466. 

alternator,  arrangement,  3,985. 

changes,  4,000. 

indicators,  3.613. 

roUUion,  converters,  3,527« 
reversed,  3.630. 

single^  a.c.  diag.,  3.466. 

mhtting  ex,  motors,  3,961,  3,962. 

three,  see  Three  phase. 

two,  see  Two  phase. 

wotmd  induction  motors,  4.121* 
Phasing  out  s^chronous  converters,  8.530. 
Phillips,  and  Copland  motor  circuit,  diagrams 
for  various  automobues,  4.064. 

telegraph  code,  4,191. 
Phoenix  heating  umt,  4.276,  4.278. 
Photometer,  Bunsen,  iUs.,  3,855. 
Pickles  and  dips,  dectro-plating,  3.460,  3,461« 
Pictures  and  writing  by  radio,  4,265. 
Pig  tail  splice,  3.757. 
Pipe(s),  brazing,  4,309. 

gas,  wiring,  3,712. 

reaming,  wiring,  3,752. 

thermit welding,4,320,  4.321. 

vitrified  clay,  3.774. 

wiling  across,  3.679. 
Piston,  air  driU, His.,  4,040,  4.042. 

pump,  ills..  4.101. 

valve,  air  drill,  4.040. 
Pitch,  dynamo,  3.883. 
Plaster  mixing,  3.760. 
Plates,  battery,  3.432,  3.433,  3,441. 
Plating,  see  Electro-plating. 
Pleximeter,  iUs.,  4.336. 
Plexor,  ills.,  4.336. 
Plug(s),  cut  out,  iUs.,  3.496. 

for  fastening  outlet  boxes,  8,761. 
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bnitniisfer,  iiL,'3.sie, 
viilns,  8.703. 
Plumber'a  solder,  4.291. 

■Qldennff  furnace,  ills.,  4,393. 


jngtiunent,  ilk.,  3,5T0._ 


Polc(i),    line  amslrtutiim,    nihra^,    3,7S2- 

toolij  3,7&5,  3,787-3,770, 
tanloTCva.  concrete.  3,704. 
aoodrH,  piHervstioQ,  3.763,  3,764. 
•ettmg,  8,763. 
Police  Aiffnftl  box,  telephone,  ills.,  4,202. 
Poliihing,   and  ^ndiafl  machinef   electro- 

PoljfSiue,      _...  

convoten,  3,633. 
nolar,  calcnlatKnu,  3.S01. 

Code  TequtfCDwnti,  8,804, 
(lip  nna,  4,139. 
■ynchronougf  3.940. 
tmntfonnen,  S.G01, 
Parcelun,  bushing,  Ob.,  3,T4fl,  3.749. 

and 'tubes.  3,697.  3,008. 

tubes  brealdng  off,  8,760. 
Ponet,  OOBaBi.  8.300. 
Fortob^,  moton,  3,78S. 

■ubrtatxo,  m*.,  4.018. 
Positive,  direction,   electro-magiietic  indu 

electricity,  iU^  ,3,263,  3.302. 
pole,  medical  appaiHtiu,  4,338. 
Poet,  battery,  S,43T,  8.441. 


compqmid,  3.787. 

conduit,    Bexible    metnUie,    3,78% 


fractional  A.^.,  iUt-*  3.792, 
faaineg.  gnnmded,  3,78S. 

main,  (2ciiUtii»tt,  3,792. 

motors,  noii7  cause,  3,787. 

portable,  3.785. 

■eU-stsning,  3.79B. 

series,  3.786, 3.7S9,  3,79^ 

shunt,  3.786,  3,704. 

■ingle  phoH,  3.791,  3,793,  3,7fia. 
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PoffPMP  wiriac*  tnoiorCa),--^<mlinued 
slip  ring,  3,793. 
squirreTcage,  3.703. 
stationary^  3,785. 
switches,  3,786,  3,788. 
tkres  phase,  3,793. 
table,  3.8006. 
Premier  Ampeip  rectifier,  ills.,  3,552. 
Pressure*  effective,  alternating  current,  8L4d6. 
generated,  8,064* 
magnetic,  3.413. 
measurement,  8,571,  3,617. 
method  resuscitation  from  electric 

shock^  4,342-4,344. 
regulator,  ills.,  4,127. 
sdz-induction,  3,064. 
standard,  railwajrs*  4,070* 
transformer,  8,064* 
Primary,  relays,  a.£.,  8.586. 
Private,  banks,  automatic  telephone*  4,220, 
4,221* 
exchange,    automatic    telephone,    ills., 

4.200,4.210. 
house  wirins[,  see  Wiring,  inside  and 

Wiring,  finished  FtiUdingSm 
line  extension,  tel^hone,  iUs..  4,100. 
Production  electrical,  current,  3,378. 

heat,  3,306. 
Progressive  wave  windixig,  ills*,  3,881. 
Projectors  search  light,  ills.*  3,848* 
Prometheus  heating  unit,  4.276. 
Prone  pressure  method  resuscitation*  electric 

shock,  4,342-4,344. 
Protection*  3.774. 

devices*  lightning,  3,576,  8*580. 
wiring,  3.676,  3,681. 
Protective  relays,  3.585. 
Public  btiildings,  wiring,  see  ^B^ring,  inside 
and  Wiring,  finished  buildings* 
Pull  boxes*  wiring,  3,719. 
Pulling  wires*  wiring,  3,730*  3,760. 
Pumps.  4,120-4,127. 
belt  drive*  4,123. 
centriftigal*  motors  for*  4,121. 
closed  cylinder,  iUs.,  4,121. 
control  deviceS|  4,125. 
double,  acting,  ills.*  4,126. 

reduction  drive,  4,125. 
drive*  4,123*  4.125. 
elementary  single  acting,  4,120,  4,121. 
figuring  cost  of  pumping,  4,126. 
force,  4,121. 

herringbone  drive,  4,123. 
hydraulic  electrical  analogy,  3,381. 
motors*  4.120,  4,121. 
piston  type,  iUs.,  4,101. 
plunger  type,  ills.,  4.101,  4,123. 
reciprocating  type,  4.120*  4,121. 
silent  chain  drive,  4.123. 
single  acting,  ills.,  4,123-4,125. 
spur  gear  drive,  4,125* 
st^un  electric  analogy,  3.618* 
switch,  pressure  tank,  diag.,  4.128. 
Punching  holes  in  cut  out  boxes,  3,761. 
Push  buttons,  bells,  4,160,  4,170. 
elevator  controller,  diag.,  4,136. 
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plex,  system  telegraphy*  ills.*  4,180. 

r  bends,  conduit  wiring,  3,714. 
m*  galvanometer,  3,566*  3,567. 
reading  telescope,  3,567. 
voltameter*  ills.*  3,617. 


R 


Raceways*  wiring*  3,687. 
Radiation*  electricity,  3,361. 

wireless  tel^raphy,  44^30. 
Radio,  electricity,  3,377. 

frequency  current,  wireless  telegraphy* 
4,25a 

pictures  and  writing.  4,865* 
Radiographs.  X-ray*  4,320. 
Railway(s)*  brake,  hand,  4,008* 

catenary  construction,  4,101* 

contractor  equipment,  diag.,  4,094. 

control  systems,  4,000-4,004. 

controllers,.  4,000*  4,002. 

converter,  ills.,  3,541. 

current  for,  4,018. 

fuses,  ills.,  3.557. 

motors,  4,070,  4,086*  4,001*  4,003. 

power  stations*  4,018. 

signals,  4,102-4,106,  4,110. 
Railway,  track,  druit,  4.104. 

drill,,  ills.*  4.020,  4,030. 

trolley  wires,  catenary  const.,  ills**  4,101. 

trucks,  ills.,  4.098. 
Range,  electric,  ills.,  4,288*  4,280. 
Rate*  amperes,  3,441. 
Rating*  alternator,  3.486. 

in    watts,    wiring    calculations*    3,655* 
3,665*  3,660. 

motors*  wiring,  3.655. 
Ratio,  factor,  wires,  3,663. 

of  conversion  converter,  3,537. 
Ranch  and  Lang  vehicle  motor*  iUs*,  4,060* 
Reactance*  a.c,,  3,477,  3.478. 
Reaction,  armature*  3,040. 
Readings,  alternator,  3,487. 

ammeter,  unsteady  current,  iOs.,  3,410. 

dead  beat,  3.569. 

galvanometer,  3,767. 

telescope,  3.567. 
Receiver,  telephone*  ills.*  4,194*  4,195. 
Receiving,  circuits,  wireless,  ills.,  4,250. 

tuner,  wireless*  ills.,  4.259. 
Receptacles*    wiring,    3,681,    3,682,    3.701* 

3,718* 
Reciprocating  type  pumps*  4,120,  4,121* 
Reconnecting,  a.<;*  machines,  4,000* 

du:,  machines*  3.996-4,000. 
Rectal  apparatus*  4.332,  4,337,  4.338. 
Rectifier(s},  3,547-3.553. 

charging  set,  3,551. 

defect*  3,551. 
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Bcedi,  meter,  d^.,  ills.,  3.607. 
HmIs,  pay  out.  ills.,  S.7SS. 
Reflectors,  lijhting,  3,867. 


Reflex  ■et.'eiKtro-theispeutici,  ills.,  4.330. 

Kegeneistivei    unpUflcation,    wireless    tale 

cnphy,  4,2S7. 

mreleai  cacutt,  diag.,  4,268. 

pola,  converlvrs.  3.643. 


nOayi,  S.SSS. 
■witchB,  3,679-3.580. 
vnltass,  3,SS3-3,6B7. 
Ac,  circuit  breBlien,3463. 3,560.3.602. 
rbsoatats,  3.662. 
(Witches,  3,664. 
RagulatioD.  dynamos,  3.896. 
ead  cell,  3,427. 

lost,  transfoimer,  3.611,  3,612. 
Regulative  relays,  3,636. 
RtiuLitots,  B.£.  feeder,  3,693. 
tolUuc,  3.693.3.6B7. 

feeder,  ills.,  3,696,  3.597. 
Stillwell,  illk.  3,694. 
variable  r&tio,  ills.,  3,694.  3,696. 
Raoforced  concrete,  3.764. 
Relar(s).  altematine  current,  various,  3.6S3, 
a.oS53,58B. 

■     ■  4,224.  4,225. 

id  cli»ing,  3.66(1,  3,680. 
J.,  3,686. 


telephoT 
4.ISH. 


deSnition, 


low  valtage,  3,6i 
Mtr,  load,  3.587. 

voltage,  a  J.,  3,587. 
primary,  3.586. 

railway  signal,  4,106. 
Teeulative,  3.58B. 
MKTK.  energy,  3,588. 

phase.  3.5SS. 
secondary,  3,686. 
telegraph,  4,179.  4,180,  4,! 
time  limit,  3,688. 


ic  telephone,  4.224. 
motor,  ills.,  3,948. 
SdudADce.  circnit,  3,414.  3,416, 
Remote  control,  aJ.,  3.580. 
Renewing  electrolyte.  3,433. 
Repairii«,  battery  cell,  3.430,  3,441. 

■iraature.  3,989. 

commutatDT.  ills.,  3.994. 

storacB  batteiy.  3.438,  3,439. 
Repeater,  telesrapb,  4,180,  4.181. 
ReptUskin,  induction  motors,  3.804.  3,9Be 

of  poles,  3,905,  3,938. 
Residence  lighting,  transformer  coonacti 


eirCMU^  meaauring,  3.623. 

wiring  calciuationi,  ills.,  3.639. 
electrical.liydniulie  uialocy,  3386. 
ohmic.  3,472. 
apurious,  3,472. 
telegmph,  Stumm't,  added  line,  iOi 


radio  factor,  3,663. 
Heaistor,  ship  drive,  ills..  4,118. 
RcsDldering,  4.294. 

RennaQce,  sltematine  current,  3.465. 
lypt,  frequency  meter,  3,608. 

synchronuer,  3,610. 
Respiration,  artificial,  4.342-4,344. 
RcauedtaCioD  from    electric    itaoclc.    4.34! 

Retrognash-e  wave' winding,  ills-,  3381. 
Reversal,  current,  3.868. 

defioilioii,  3,441. 
Reverse,  current,  circuit  breaker,  3,659. 

dynamo,  commund,  3,789. 

eaergy.  relays.  3.6S8. 

moton,  3,785,  3,786. 

phase,  relays,  3,588. 

voltage,  motor,  3.905. 
Reversed  phase  rotation,  converten.  S,53C 
Reversing  motor,  d.c.,  3.B09,  3,910. 

polyphase,  4.001. 

split  phase,  3.T9S. 

two  phase,  3.801. 
Revolving,  armanire,  ills.,  3,922. 
type  alternator,  3,914. 

•trflce  bells,  ills.,  4.166. 
Reoviding  aimature,  3.984,  3.997. 
Reynolda^sign  flasher,  ilia.,  3.824,  3,S2>. 
Rheostat,  burnt,  electric  railways,  4.107. 

charging  with  ills.,  3.4IS,  3,420. 

converter  switchboard,  3.531.3,162. 

direct  current,  3.669. 

dynamo  field,  3,426. 
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eontrDtlM',  nltinr.  4.090. 
Rib  or  bridge,  OeS.,  3.M0. 
Kibtwl  Mpantor,  tatlciy,  3,M1. 


K  —■. .  — ..  a.»«). 

Riu  clutch  rod  fnd,  lunp,  illi^  3.M3. 
Rjafit,  und  Igft  hsivl  winduy,  8.881. 

hud  rul«  cuTT«nt  dincooiXa  3.407i  3f40y_ 
S,41l. 
R^id  conduit,  3,710. 
RilW,  amutun,  3.8Sfi,  3,933,  8.9M. 

dutch  carbon  fwd,  3.S43,  3.M1. 

out  oSreUy,iiut(Hiuitictalephaiis,  4,234. 

dfiuma  ■mutun,  illi.,  3,37$. 

■Sort  drcuitinE,  3.948. 
RftigiiH  k^  teUphons,  iUi.,  4.168. 
KlttsiAouH  conduit  bgnder,  illk,  3,713. 
Rod  fsed  carbon,  lamp,  iUi.,  3.843. 
Kutarr,  cDDtrol  relay,  Butomatic  telephons, 

1,038. 
1,3.958, 


droamo.  8,129. , 


frtic  Mid,  inductiaa 
3.954. 
phaae,  convertcn,  3,529. 
Rotatua.  motn;,  nvaniDg,  3,900,  3,910. 

WTona,  4.000. 
Rotor,  d^.,3,filS. 


Ruled),  Ampere' 

attraction  a.._  __, 

3  jes,  3.403. 


wirv  insulatioa,  3,7fi3. 
..B,      3,632,     3,643,      S.eSl- 
3. ess,  3,fl9T. 

M,  3,373, 
3.305. 


electiDlrta,  titotthuB'  Umry,  837. 
ekctRMnaanetic  inductton,  3.801-.3.8M. 
Faredar'i,  cattina  lioei  of  foice,  iUa., 
S.Sei,  3,862. 
elaotrolyau,  3,307. 
Crattinua'  thewy,  3,397. 
heat  Benerated  in  conductor,  3,393. 
induced  nuwiietic  force,  3.8M. 
mductort,  Joinins  in  leriei,  3,883. 
Joule:*  law.  3,3fii. 
Lena'  law,  3,SBa. 

liaea  of  force,  cutlina,  iUa.,  3,881,  3,383. 
maanetic  pal«,3,4(». 
•ucnetivn,  S.403,  3,405. 


8,S78»  8,308,  3,4i». 
'it,  3.492. 
:.'S^,3J87. 


■econdary  windioa,  3,492. 

voltace,  3,362. 
Rulea^  UndarwritM,  ma  UodBrwritara'  rulaa. 
Rlinmnir,  Bear,  railwayi,  4.007. 

wins,  3,671)-  3,730. 


ilevatorTuli.,  4,148. 
airitch  glevatar  contiDllrer,  4.133. 
Sas  table,  wim,  3,771. 


Sediment,  electivlyte,  3.433.  3,441. 
SMfaocIc  current  meaiunment,  ilia.,  3.304. 
Sea  Co.  elovator  oontreJlen,  4.131,   4,131, 


Sdf-, 

indiiciios,'  MTD^.Iiinir 


p«ldMn.illi.,  44101 


itini  dynamo,  8,41  _ . 

iidios,  3.470-3,47).  3,886,  I 

(taitina  nwton,  8.IMS-S,H5. 
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Semaphore  signaUt  raihrayt  ills.»  4,103»  4,110. 

Semi-encloeea  arc,  3,842. 

Separately  excited,  alternator,  3.921,  4,021. 

dynamos,  8,896. 
Separator,  battery,  3,432,  3.441. 
Series,  arc  light  circuit,  3.044,  3,840. 

control  arc  lighting,  3,044,  3,840,  3,842, 

3,844. 
discharge,  ills.,  8,424. 
dynamo,  3.893-^.895,  3,898,  3,900. 
lighting,  ctirrent,  3,509.  3,510. 

transformers,  3.509. 
motors^  3,585,  3,589,  3,785, 3,905-3.910, 
3.964. 
starter,  3.560. 
parallel,  arc  lamp,  3,845,  3346. 
railway  control,  4.000,  4.091. 
wiring  distribution,  ills.,  3,639. 
vibrating  bells,  ills.,  4,159. 
Service  connection,  3,745,  8,771. 
Sewing  machine,  wiring  for,  3,665. 
Shading  coils,  3.962,  8!963 
Shell  transformers,  3.500,  3,501. 

and  core  compared,  3,499. 
Shielded,  conductors,  wiring,  3,662. 

pole,  measuring  apparatus,  3.602,  3,603. 
Ship  drive,  see  Electric  ship  drive. 
Shock,    electric    resuscitation    from,    ills., 

4^42>4.344. 
Short  booster  chargie,  ammeter,  3.428. 
drcuitt  between  coils,  locatixig,  4.002. 

testing  for,  3^912. 
circuiting f  precautions,  armature  winding, 
3.986. 
rings,  3.948. 
lines,  railway,  alternator  winding,  4,081. 
telegraph,  4,179,  4,180. 
Show  window  wiring,  8,752. 
Shunt,  ammeter,  3,571. 
booster  chane,  3,428. 
control,  arc  lamp,  lUu,  3,842. 
dynamos,  ills.,  3,629,  3,833-^396. 
feed  caxbon  holder,  3.840. 
fidd  heating,  converters,  3,544. 
galvanometer,  8,568. 
motors,  advantage  of,  4,155. 
commutator,  3,966. 
controller  connections,  diag.,  3,794. 
load  and  speed  test,  ills.,  3^27. 
starter,  3,560. 
testing,  3,627,  3.911. 
wiring  diag.,  3,786. 
wound.converters,  ills.,  8,532,  3,538. 
Siemen's.  dynamometer,  ills.,  3,572,  3,608. 

winding,  ills.,  3,880. 
Sign  6asher(8).  3,822,  3,838. 

all  on  and  aU  off  type,  3,825. 

Betts,  lis.,  3.829. 

brush  type,  ills.,  3.824,  3,829. 

carbon  type,  ills.,  3322,  3,823. 

carriage  calls,  3,834. 

chaser,  8,829. 

circuit  wiring,  3,822. 

coil,  3.832. 

constant  lighting,  8,834. 

flags,  8.828. 


Sign  flaaharCi), — Co$iiinM€d 

General  Electric,  ills.,  3,832. 
heat  expansion,  prinaple,  8,834. 
high  speed,  ills.,  3,82&-^,827. 
knife,  switch,  3,822. 

type,  iUs.,  3,824. 
Ughtmng  type.  3.827,  3,828. 
metal  reotured,  3.834. 
on  and  off  type,  3,825. 
Reynolds,  3,829. 
scnpt  breaker,  ills.,  8329-^831. 
snake,  3,829,  3,830. 
switch,  3,822,3,824. 
talking  sign,  3,834. 
thermal,  ills.,  3.831,  3382. 
thermo,  3,834. 
torch.  3,828. 

transformer,  8,837,  3338. 
transverse  gearing,  ills.,  3,827. 
wiring,  3.822-^.830,  3,832,  3336-x'K,888. 
worm  gear,  ills.,  3,827. 
^gn,  incandescent  type,  ills.,  3,851. 
Signal,  box,  police,  telephone,  ilhu^  4308. 

rsulway,  see  ^ectnc  railway  *«g'««V 
Silent  chain  drive,  pumps,  4,123. 
Silver,  electro-plating,  3.449,  3,458»  8,461. 

solder  for,  4,291-4394. 
Simplex  motkm  picture  machine,  4370. 
Sine,  curve,  3.463,  3.869. 

galvanometer,  3.565,  3,568. 
Single,  acting  pumps,  4,123-4,125. 

office   exchange,    automatic   telephone, 

4,210. 
phase,  a.c.,  3,466-3,468. 
alternator,  3.912. 
circmUf  3.793. 

wire  sise,  ^668. 
converters,  3.533,  4,024. 
induction  motor,  3,961. 
lighting  system,  3,918. 
motors,  a.c.,  3,793,  3,795. 
connection,  3,802. 
Induction,  3,961,  8,065. 
repulsion  induction.  His.,  3,804, 

3,968. 
self-starting,  iUs.*  3,796. 
pump  switch,  4,128. 


StrO««,  u^uo,  AUB.,  ■ai,A«#vr  «t'vv. 

throw  switches,  ills.,  3,575,  3,576. 

unit  auto-starter  and  Ughting  systems. 
4,060,  4,065. 

winding,  tranfitormer,  3,509. 

wtfing  systems,  3.660i  3.666,  3,667. 
Sinusoidal,  controller,  ills..  4,357. 

current  wave,  medical  apparatus,  4,335, 
4,339. 

therax>y,  4,338. 
Six,  phase  converter  connections,  3,527. 

wire  alternator,  3,468. 
Skeleton  frame  winding,  inductioa  motors* 

3.955. 
Skew  coil  alternator  winding,  8,984. 
SUb  effect,  3,662,  3,663. 
Sliding  waves,  3,377. 
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S&p,  induction  motors,  3.051,  8»954,  3.060, 
3.961. 
xing  motor,  3.793,  4.093. 
^Slotted  armature,  3,885,  8.975. 
:SIug  feed  carbon,  3,840. 
;Snake,  sign  flashers,  3.828,  3.830. 

wiring,  3.736,  3,738,  3.739,  3.753. 
^nap  switches,  3.554,  3.677,  3.786. 
Sneak  current  fuses,  3.557. 
Socket,  peavey,  3.703. 
Sodium,  electrolysis,  3.447. 
Sobering.  3.758,  4.29(M.305. 

and  bnmding  irons,  heating,  4.279. 
babbitting  boxes,  iUs.,  4.302,  4.303. 
bits,  4.299. 

cable  connector,  3,811,  3.812. 
cast  iron,  4,304. 
flux,  3.761,  4.291,  4,292,  4,299. 
furnace,  4,293. 
iron,  electric,  ills.,  4.289. 
joints,  various,  3.756,  4.289. 
ladle,  ills.,  4.294. 

plumber's  gasoline  fumaoev  ills.,  4.293. 
xesoldering,  4.294. 
solder^  aluminum,  4.297. 
common,  4.291. 
^or  various  metals,  4.291. 
German  silver,  4.294-4.297. 
sold.  4,297. 
I  barcl,  4,290-4.293. 

Novel's,  4,297. 
picking  up,  4.303. 
idumber's,  4.291. 
silver,  4.292-4.294. 
soft,  4.290-4.293,  4.300. 
tin    lead,    meltmg    points,    4.291, 
4,305. 
tiroating.  ills.,  4.302. 
tinning  the  bit,  4.299-4301. 
various  metals,  4,291. 
wiping  joints,  ills.,  4.296,  4,297. 
wires  to  lugs,  4.001. 
wirings  3.758,  3.760. 
Solenoid,  3.409-3.413. 

amoral,  line  switch,  automatic  telephone, 
4  229. 
oil  switch,*  3.580. 
current,  3.409-3.413. 
elevator  controller,  4.142. 
introducing  iron  core  in,  ills.,  3.411. 
mutual  action  of,  ills.,  3,412. 
Solution,  battery,  see  Electrolyte. 

electxo^platmg,  3,458. 
Sound  waves,  4.241. 
Sounder,  telegraph,  ills.,  4.178. 
Space  economy  in  power  plant,  '4,020,  4.021. 
Spark,  gap  attachment,  static  machme,  ills., 
3,370. 
plugs,  ignition,  ills.,  4.051. 
Spaaxig,  wiring,  3,681. 

Sparking,   armature  position   during,    ills., 
4,056. 
4a  brushes,  alternating  current,  3.545. 
converters,  3.545. 
djmamo,  3.866. 


Sparidng,  at  hfnMahm»,—ComHnued 
motor,  4,009. 
railways,  4.100. 
prevention,  bells. 
Specific  gravity*  definition,  3,440. 

drop,  3,422. 
Spectrum  lighting,  3.858. 


075. 


motor,  changing,  3.999. 
regulation,  3.908. 
too  low,  4,008. 
Spelter,  brazing,  4.306. 
Spiral  coils,  alternator,  ills.,  3,983. 
Splice,  wiring,  3.685.  3.756-3.758. 
Split,  phase  motor,  3.798»  4.008,  4,009. 
pUe,  converters,  8.538. 

voltage  regulation,  converters,  3.548 
Spool  magnet,  armature  winding,  3,979. 
Sprague,     compensated    repulsion    motors, 
ills.,  3.967,  3.968. 
elevator  controller,  illiu,  4.139. 
Spray  battery,  3,441. 
Sprocket,  intermittent,  motion  picture  ma^ 

chine,  4,270. 
Spur  gear,  pumps,  4.125. 

telpher,  4,157. 
Spurious  resistance,  3.472. 
Squier's  wired  wirdess,  4,263. 
Squirrel  cage,  armature  construction,  8,948. 
3.951,  3.952,  3.960. 
induaioH   motors,   3.793,   3.951,    3.952, 
3.959,     3.960b     3,967,     4,121. 
wiring  table,  3,807. 
winding,  3,945. 
Standard,  cable  connector,  3.811. 

Eetb     bucket     trolley*      4,150. 
otor  Co.  railway  trudc,  ills.,  4,098. 
paper  jointing  tube,  iUs.,  3.811. 
pressures,     railway,     4.079. 
resistance  box,  iUs.,  3,618. 
transformer  connections,  3,517. 
Star,  connection,  circuit,  3,802. 
delta  switches,  3.599. 
grouping    alternator    winding,     3,980, 
3.931. 
Star  drills,  motor  driven,  4,038. 
Starret  micrometer,  calipers,  ills.,  3,656. 
Starter  motor,  3,560,  3.561. 
Starting  and  lighting  systemi^,  oompensatcn'. 
3.598. 
converter,  8.538,  8,540. 
dynamo,  3.894. 
motor,  3.786,  3.788,  3,9079  8,0489  8,957, 

3.961,  4.008. 
railway,  4.106,  4,110,  4.111. 
rectifiers,  3,550. 
rheostat,  3.788. 

see   Automobile   starting   and   lifi^ting 
systems. 
Starvation,  storage  batteries,  3.428. 
Static,  booster  transformeTf  diaig.,  8,518. 
charge,  3.371. 
electricity, 
interrupters,  lightning  axnster*  3,502. 
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Station,  a,c,  transmission,  J.c.  distribution, 
ills.,  4,082. 

power,  4,016. 

wireless  telephone,  diag.^  4;262. 
Stationary,  armature,  3,922. 
alternator,  3,915. 
synchronous  motor,  3,946. 

field  tyi>e  alternator,  3,914. 

motors,  3,785. 
Stator,  def.,  3,915. 

Steam  engine  analogy,   ctirrent  flow,  ills., 
3,478. 

power  factor,  3,483. 
Stearn's  differential  duplex  telegraph  system, 

ills.,  4,184. 
Steel,  brazing,  4.306. 

hammer,  drill,  ills.,  4,037. 

motor  driven,  ills.,  4,038. 

pipe,  conduits,  3,779. 

solder  for,  4,291. 

welding,  4,316,  4,325. 
Steinheil's  discovery,  3,377. 
Step,  by  step  method  wave  form  measure- 
ment, 3,612. 

up  and  step  down  transformers,  ills., 
3,498. 
Stereopticon.  arc,  4,272. 

carbon  teed,  3,840. 
Stillwell,  voltage  regulators,  ills.,  3.504. 
Stone  system  car  lighting,  4,099. 
Stopping,  dynamos,  3,902. 

motor,  3.785,  3.007. 
Storage  battery(ies),  3.416-3,441. 

acid,  3.440. 

ammeter,  3,427. 

automobile,  ills.,  3,416,  4.060. 

bridge  or  rib,  3,440. 

case,  3,440. 

care,  3,420. 

cell,  3,416,  3.417,  3.440. 

charging,     3,418-3,422,     3,424,     8.427, 
3,429,  3,440. 

compouxid,  pouring,  3.437. 

connections,  cleaning,  3.438,  3,440. 

developing,  3,440. 

diffusion,  3,440. 

discharging,  3,420,  3.423,  3,424,  3,440. 

double  cover,  3,42i9. 

dry,  8,440. 

electro-typing,  3,462. 

foaming,  8,440. 

gassing,  3,422,  3,440. 

^ossary,  3,440. 

Gould,  repairs,  8,429-3,438. 

elements,  3,432,  3,435,  3.436,  3.440. 

equalizing,  3,440. 

evaporation,  3.440. 

explosion,  3.431. 

ever,  charge,  3,428. 
discharge,  3,426. 

plaUf  buckled,  3,433. 
inspection,  3,432. 

repairs,  3.429-3.438. 

rheostat,  3,426. 

seaKng  compound,  3,437. 

■election  of,  3,424. 


Storag*  batter^dea), — ConUnued 

separators,  inspciction,  3,432.  - 

single  covers,  repairing,  3,438»  3,430. 

size  determining  table,  3,435. 

specific  gravity,  drop,  3.422. 

starvation,  3,428. 

switch,  3,426. 

tempterature,  3,428. 

terminal  posts,  3,437. 

terms,  3,440. 

vent  plugs,  3,431. 

Willaxd,  parts,  3.417. 
Stores,  wiring  of,  3,684. 
Stow  flexibk  shaft  and  multiopecd  motor* 

ills.,  4,032. 
"Straight  out"  coils,  method,  winding,  ills., 

3.986. 
Strain,  in  the  ether,  3,375. 

insulators,  wiring,  3,674. 
Strap,  battery,  3.441. 
Stray  field,  3.920. 

Strength  of  field,  annatmie  calnilatinns,  3,977. 
Stringing,  cable  wires,  3,770. 

the  lines,  outside  wiring,  3.767. 
Stripped  screw  threads,  3.761. 
Stripping,  electro-plating,  3.449,  3,450. 
Stud  fixtures,  wiring,  ills.,  3.749. 
Stumm's   added   line  resistance,  likaiiphi 

ins.,  4.188. 
Sub-stations,  power,  4,017,  4,018. 
Submarine  cable,  bndge  for,  4.186. 

circuit,  ills.,  4.192. 
Subscriber's,  circuit,  automatic  telephone. 

dial,  automatic  telephone,  iUs.,  44^12. 
Substitution  method,  circuit  resistanca  test- 

ing,  ills.,  3.619. 
Saperimpoced  current  wave  mcdiral  appar- 
atus, 4.335. 
Sulphate,  3.41&  3,441. 
Sulphating,  3,424. 
Sulphuric  acid,  electrolyte,  3,446. 

mixing  curve,  3,426. 
Surface  contact  system,  railways,  4.083. 
Surging  current,  3,947. 
Suspension    motors,    railways,    ills.,    4.086, 

4  087. 
Sweating,  soldering*,  ills.,  4,302,  4.303. 
Switch(es),  alternating  current,  3.575-3,585. 

automatic  telephone,  4,213,  4,224,  4.228, 
4,230. 

drcnit,     automatic     telephone,     diag.- 
4,219. 

connector,  automatic  telephone,  4.213- 
4  215   4  222. 

control,  Kelman,' ills.,  3,578,  4.095. 

crane,  contact  type,  ills.,  4,155. 

direct  current,  3.554,  3,557. 

double,  pole,  ills.,  3,575,  3,576. 
throw,  3,557. 

dynamo,  ills.,  3.426,  3.427. 

elevator,  Umit,  4,138,  4,140,  4.133, 4.144. 

flush,  3,744. 

for  isolated  plants,  3,727. 

four  way,  3,755. 

fused,  wiring,  3.754. 

instaUation,  winng,  3,701. 
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rtult  Vm)f—CiliuitHui 
tauEe.  3.SM,  S,66T,  3.74S. 
liBB,  automntu:  telsplioiu,  t,32t,  1J3B. 
nwchinintnvBnin,  iUi.,  4.140. 
motor,  S.TSa,  3.7S8,  3.786,  3.80S. 
oil  bnab  3.S78. 

ouClst,  wirios,  3,008,  3.700,  3.7S£. 
n^tnuut  motor,  3.QQ0. 
nfa»7>Iavitor,  4.133. 
dm  Baiben,  3,SZ3,  3,824. 
BDOls  pole,  S,U7,  S.S76,  3.970,  S.78e, 
■up.  3.054,  3,677,  3,7SS. 
nu  delta,  i.o»g. 
Monws  bkttcrr,  S.4Ze. 
Ur«,  pole,  iUi.,  3.S7S,  3.570. 

try  out,  elector  controller,  4.13G. 

two  pole,  d.c.,  3.UT. 

wirina,  3,077,  S.T2T,  3,745,  3,746. 


3,014. 

-X.  8,531. 
3.610,  3,616. 


IxHter,  3,M3. 

r,  3.599. 

',    3.S27,   8,529,    3,030,  3.533, 

3,539.  3,543,  4.026. 


Kor,  3.i36.  S.e4(>-3.M3,  4, 

•ee  hIb  AltrmtliBi  cur 

aynchronoDi. 


,  3,87B,  3.S78. 
0. 

3,972,  3.973. 


of  wms,  3.97,:.  8.974,  3.M1. 


coaducttnff    powei 

copper  wire,  propcrtia  of, 
cquivaknti,  wiro,  3,037. 
inductance,  wiiinc,  3,601- 
I«i^  cumnt  CDOiuDiptioa,  3,860. 

rubber  covered  and  weather  proof 
*irei,3.»t3. 
U^tinc,  iatrinBC  brilliancy,  3.SU. 

netfisiUednipi  vim,  3.642. 
power  factor,  wiiing,  3,ee«,  3.607,  3.066. 
profrtia  ^,  copper  wirea,  3  ""■ 
itillatad  inrea.  3,981. 


3,034,  3,081. 


a,  3,981. 


TaMa.—CanJiiiui 

nainance,  wirine,  3.003. 
■older,  4.291.  4l93. 
taps  wirea,  8.643,  3,046. 
watt  feet,  wirine,  3.653. 
winding,  armature,  3,870,  3.87S. 
wiri,  capacity,  3,061,  3.972,  3,074 

prapeTtieaDf,'3,634. 

toniile  itrength,  3.702. 
•qmvalenta,  3.037. 
inaulatcd  ptnpertio  of  3-.981. 
neglwible  drop,  3.642. 
ovflAaatinff  avoided.  3.654. 
■aie  carryinff  capacity,  3.^7. 

■JHfwDioton,  8,654,  3,055. 
tape  and  brtdge*  >t  negiii  "  '    ~ 
weather  proa,  i^wip*. 
WHsht,  31034. 

combined  reaiitanca,  3.603. 

conductor!,  apadns,  3,609. 

conduit  dimenHoiD,  3.710. 

homehold  utennli,  3,055. 

MMor,  cumnt  phau,  3.805. 

(£m:tn.rr^t,K,7ei. 

•in^  pha«e,  3.806. 

three  phaaa,  3.808^. 

two  DbaM.  3.807-4.8090. 


polar  duplex  ayiton,  4,135. 

poUriml  relay,  ilU.,  4.IST. 

pole  changing  tranmitter,  Bb.,  4,181b. 

principle,  3,376. 
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T«Ugraph»~<7(mi*ii«Af 

qiiadruplex  system,  ills.,  4480. 

miays,  4,179,  4,180,  4,187. 

refheater,  4,180-4.182. 

resistance»  added,  Stunun's,  ills.,  4,188* 

short  line,  4,179,  4,180. 

sounder,  elementaiy,  ills.,  4,178. 

Stunun's    added    line    lesistance,    ills., 
4,188. 

submarine  cable,  4,186,  4,192. 

waUdnffbeam  pole  changer,  ills.,  4,185. 

Weiny-Phillips  differential  system,  4,183. 

WSTM.  3,A32. 

numminff.  prevention,  3,772. 

wireless,  see  Wireless  telegraphy. 
Telephone,  automatic,  4,208-4,238. 

Ml,  box,  inside  connections,  ills.,  4,195. 
call,  4,195. 

cell,  3,379. 

central  office  exchange  equipment,  4,200. 

common  battexy  system,  4,198. 

cord  repairing,  ills.,  4,207. 

current  source^  4,193. 

extension  station,  ills.,  4,202. 

four  party  line,  iUs.,  4,201. 

fuses,  iUs.,  8,557. 

inter-communicating  device,  4,196. 

joints^  3,709. 

key,  listening^  ills.,  4,199« 
ringing.  iUs.,  4.198. 

microphone  transmitter,  ills.,  4.197. 

P.BJC.,  switch  board,  Uls.,  4,197,  4.199. 
telephone  troubles,  4.203. 

paxty  lines,  4,201,  4,202. 

police  signal  box,  ills.,  4,202. 

private  fine  extension,  ills.,  4,199* 

receiver,  ills.,  4.194,  4,196. 

ringing  keys,  ills.,  4,198. 

see  Automatic  telephone. 

set,  4.193. 

station,  independent,  diag.,  4.200. 

switch  board,  4,197. 

transmitter,  ills.,  4,194,  4,197. 

troubles,  843-847. 

trunk,  ills.,  4.198. 

wires,  ills.,  3.632. 

wiring,  4.196-4.202. 
Telescope    reading,   of  galvanometer,   ills., 
3.767. 

Oueen,  3,567. 
Temperature,  regulation,  heating,  4.280. 

storage  batteries,  3,428. 
Tensile  strength,  copper  wire,  table,  3.762. 
Terminal,  battety,  3,441. 

blocks,  transformer,  ills.,  3,495. 

lugs,  wiring,  3,759. 
Tests,  alternator  excitation,  3,628. 

bar  to  bar,  open  circuit,  ills.«  4.003. 

breaks,  ills.,  4,003,  4.005. 

cell,  3.438. 

current,  3,617. 

dynamos,  3,902. 

field  coil,  ills.,  4,003. 

grounded  armature  coil,  ills.9  4,006. 

inductance,  3,471. 

lead,  break  in,  4.003. 


T«sts, — CotUinutd 

lighting  out,  armature  winding,  3,988. 
loop,  3,621,  3,623. 
motor,  three  i>hase,  3,631. 
power  factor,  ills.,  3,485. 
short  circuit  between  coils,  4,005. 
transformer,  temperature,  di^.,  3,625. 
windins[  or  ratio,  diag.,  3,625. 
'I'berapy,  galvanic  and  sinusoidal,  4,338. 
Thermal,  effect,  current,  3,394. 
sign  flashers,  ills.,  3,831,  8.832. 
unit,  British  (B.t.u.),  def.,  3393. 
Thermit  welding,  ills.,  4,320,  4,321. 
Thermo  sign  flashers,  ills.,  3,831,  3,834. 
Thompson,  watt  hour  meter,  ills.,  3,574. 
lightmng  arrester,  3,590. 
welding  process,  4,322,  4.323. 
Thor,  air  drills,  ills.,  4.039,  4,040. 
piston  air  drill,  ills.,  4,040. 
pneumatic  hammers^  ills.,  4.041. 
Threads,  cutting,  conduit  wiring,  3,715. 

screw,  stripped,  3,761. 
Three,  element   vacuum  tube,   ills.,  4,254, 
4.255. 
phase,  alternating  current,  3,468,  3,469. 
aUemator,  ills.,  3,932. 
circuit,  3,802. 

connections,  transformer,  3.519. 
converters,  3,527,  3,631,  8.533. 
dynamo,  3,525. 

elevator  controller,  diag.,  4.142. 
motors,  3,793,  3,953,  3,958. 

connections,  3.521, 3.802-3,804. 
control,  railway,  4,093. 
test,  3,027,  3.680,  8,631. 
wring,  3,918. 
table,  3,8096. 
power  measurement,  ills.,  3,486. 
pump  switch,  4,128. 
transformer,  3,601,  3,519,  3,623. 
windings,  3,927,  3,932. 
pole  switch,  ills.,  3,575,  3,676. 
unit  auto,  starter  and  lighting  system, 

4,065. 
wire,  alternator.  3.468. 

circuit  wiring,  3,647,  3,649,  3,661, 

8.664. 
converter,  synchronous,  ills.,  4.025. 
dynamos,  ills.,  3,896. 
electro-plating  system,  3,450. 
wiring,    3.647,    3,649-3,651,  3,660, 
3.666,  3.728. 
Tie  wires,  insulation,  3,681. 
Tightening  commutator,  3,996. 
Time  limit,  relays,  3,588,  3,589. 
Timing,  ignition,  4,043. 
Tin,  electrolysis,  3,448. 

lead  solder,  melting  point,  table,  4,291. 
solder  for,  4,291. 
Tinning  the  bits,  soldering,  4,299-4,301. 
Titanium  arc  lamp,  3,847. 
Toaster,  wiring  for,  3.666. 
Toepler-Holtz  machine,  ills.,  3,369,  4331. 
Toggle  bolt  wiring,  iUsi,  8.678. 
Tools,  digging,  3763. 

lineman's,  ills.,  3,767,  3,768. 
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3.763. 


3,700. 


Torch,  KKsolme,  wiririEt 

■^  fiuhen,  3M&. 
Torque,  power  facior  meler.  3.613. 
T.  R.  Ruchine,  Uli.,  3.971. 
Tnclc  drilb.,  ills.,  4.029,  4,030. 

electric  railways,  4,102. 

ovemiounted',  ills.,  4,130.  ' 
TrMn,    despalciiers,    aelectoc    lystem, 
4,110. 
gtarting  difticulty,  4.111. 
Tmuformen,  3,483-3,523. 
air,  blut,  3,a02,  4.023. 
cooled.  3.502.  3.510. 

3,4SS. 


<»W,  3.502-3,504. 


dieiectiic  >tien|rth  curve,  3,507, 
dinributed  con  type,  illi.,  3.S0n. 
eddY^cuRMti,  3,512,  3,513, 


y,  3.514,  3,517. 
ary,  3.4^  3.4E 
Inught,  ah.,  3. 


Eystensii,  3,512,3.. 
Id  paralM,  3.51  S. 
installation  on  pole,  ills.,  3.520. 
imulUion,  3.504-3.5OS,  3.624. 
letdis),  3,403,  3.404. 


s,  s.sia^ 


legi>ph]'>   in*.. 


3.0I2,  3,518. 


pnadpleg,  3,430. 

r^i^ilU.la.... 

siriti,  connectioiu,  3.515. 

li«btinR,  3.500. 
■heU  type,  3.490-3.501. 
sign  flasher,  3.335. 
BDgle  phase,  3.501,  3,512,  3,515-0,518, 


iding,  3.509. 

(tatic  booster,  diag..  3.513. 
alep  up  and  st^Town,  illl.,  3,41 
thret  phait,  3.501,  3.523. 

omnections,  3.619. 
two,  phase  coanections,  [lis,,  3,5] 

tyi>e  arc  lamp,  ills.,  3.844. 
ventilatinE  ducts,  illi.,  3.4B1. 
voltage  regutatoi^  ills.,  3,595, 
Wasner,  3,403. 
water  cooled.  3.503,  3.504. 


commeicial,  3.4SB. 


unsmittinB,  apparatus  wirelesa  telecraph, 
4,2S£r 
station,    wirelesa    telephone,    locating. 


Tfansmitter,    d 
telegraph,  e 

Transporter,  crane] 


I,  3.660,3.772,3.773. 


Tim  system  triring,  3.B40. 
Trembling  bells,  4.159. 
Tri.city  heating  unit,  ilia.,  4, 
Tiickls  charge,  3.421. 
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nritchboud,  8.E31. 


TumbUns    barrels,     electro-pltltiDgi     3.454, 

3,455. 
Tuned  owdllition  dreuita,  4Ji48. 
Tuofliten  lamp,  Xuzel  proceM,  3,S5S>  - . 
Tuaing  coil  inductance,  ills.,  4.351. 
Turbine,  sir  driU,  ills.,  4.042. 

electric  ihip  drive,  ills.,  4.118. 
Turns,  ampere,  ilk.,  3.412. 
Twin  motor  auspenaion. 
Tvisted  vealherpniof  wires,  ill*.,  3,632. 
Twiiting  ctamp,  wiring,  ills.,  3,770. 

element  type  vacuum  tube,  4!is4. 

fiuid  cells,  3,3TS. 

imit  aut4vstartin£  and  liffbtine  BystcEQ, 

4.060,  4,065.  4,M6. 
way  thBTmal  agn  flwher,  ills.,  3.832. 
wiodini  tnuitfnnner,  ills.,  S.50EI. 
«nr>  lyiumis),  3,727.  3,72S. 

electro-pUting,  3.450. 
Two,  phase,  alternating  cumnt,  3.467, 3,46e> 
aftemator.  Ills.,  3.932. 
converters,  3.533. 
dynamo,  3,525. 

elevator  controller,  dia«.,  4.143. 
nugnet  elevator  controller,  diag.,  4,142. 
MMord),  a.c,  3.653. 

connections  3.521,  3.804. 

Induction,  3.953. 


windini,  alternator,  3,g26-3,S2S. 

induction  motor,  3.956. 
wiring,  3.666,  3,667. 
Tylna  wiiBs,  3,S5G,  3.S75,  3,769. 


u 


Uncoupling  dynamoa,  3.000. 
UndampeTwave  tiansmitter,  4.358. 
Qodefground,  aitU,  3.782-3.784. 

tubb  Edison,  3.781, 3.783. 

tri^By,  elBctiie  nulwan,  4.086. 

miiMbKa  Wiring  undaigiiiuniL 
Dnderiod;  relays,  3.W. 

type  carbon  circuit  brealoer,  3,583. 
Uaikrwritet'a  nilei.  B.  X.  cabte,  3,705. 

concealed  knob  and  tuba  wiling,  3,607. 

conduit,  rigid,  3.711. 


leaden  and  mains,  3,729. 
■--'"-  -witch,  3.747. 

re  joints,  3,758. 


[,  3.607. 


_       _    T«52, 8,963. 
,  outlet  boua,  for,  3.703,  3.711, 
3.732, 3^733. 
metar,  win  aiiea,  3.793. 

wiring,  3.785,  3,786,  3.800L  3^04. 
outlet  boxes,  3. 702,  3.ni,  3.^2,  8.733. 
trolley  wires,  3.768. 
trinii},  carrying  capacity  table,  8/37. 


aoldciuig, 
troOeyTa.! 


d  States,  'bench  drill,  ills.,  4.035. 

iiemen's  ^culating  gauw,  ills.,  3.644. 
'    lor,  diac.,  3.484. 


siimum,  a.c,  diag.,  3.464. 
lal,  a.c,  diag.,  3.466,  3,473. 


ic  drill,,  ills.,  4,034. 


load,  d.c.  motors,  3,905. 


XLII 
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XBtio,    voltage   regulators,    ills.,    3,504, 
8,595. 

resistance,  induction  motors,  3,958. 

8i>eed  repulsion  induction  motor,  3,968. 
Variation,  electrical  resistance,  3i387. 
Varley  loop  test,  ills.,  3.622. 
Vats,  electro-plating,  3,453. 
Vent,  storage  battery,  3,441. 

plu^,  storage  txittery,  3,431. 
Ventilating  ducte,  transformers,  ills.,  3,491. 
Ventilation,  dynamo,  3.874. 
Vertical  conduit  wiring,  3,721. 
Vibrating  bells,  4,158,  4.159,  4,164. 
Vibrations,  armature,  3,939. 
Vibrators,  ignition,  4,051. 
Virtual  value,  a.c.,  diag.,  8,466,  8,478. 
Vitrified  clay  conduit,  3,774-3,777. 
Volt(s),  armature,  3,977. 

description,  3,371,  3,372. 

electrical,  def.,  3.374. 

Inrdraulic  analogy,  ills.,  8,371. 
Volta's  hail  storm,  ills.,  3,367. 
Voltage,  armature,  determining,  3,626. 

automobile,  4,062. 

changes,  3,99<^-4.000. 

description,  8.371,  3,441. 

increased  or  diminished,  3,491. 

measurement,  cell,  3,623. 

proportion,  3,862. 

regulation,  converters,  3,540,  3,643. 

regulators,  3,593-3,597. 

wrong,  4.009. 
Voltaic  (mSs,  3,381. 
Voltameter,  current  strength,  3,617. 

Queen,  ills.,  3,617. 
Voltmeter,  altematini^urrera,  3,466,  8,568, 
3,572. 
circuit,  4,027. 

converter  switchboard,  8,581. 

direct  current,  4.027. 

d}mamometer,  ills.,  3,603. 

high  voltage  charge,  3,427. 

measuring  a.c.  circtdt,  3,487. 

method,  circuit  resistance  testing,  ills., 
3,620. 

motor  testing,  3,631. 

parallel  charge,  ^,426. 

shunt  booster  charge,  8,428« 
Vulcaaising  polest  3,763. 


WW 


Wagner,  dynamo,  ills.,  4,066. 

induction  motor  armature,  8,959. 

starting  and  lighting  system,  ills.,  4,062« 

transformer,  ills.,  3,493. 
WaUdng  beam  jpole  changer,  ills.,  4,185. 
Wall,  brick,  driving  nails  im  3,761. 

case  outlet  cutting,  3,701,  3,702,  3,735. 

ceU,  3,441. 

type,  automatic  telephone,  ills.,  4,210. 
Walnne  wheels,  electro-plating,  3,460. 
Washers,  mica,  how  obtained,  3,760. 


Washing  machine,  wiring  for,  3,655. 
Water,  cooled  transformer,  3,523. 

decomposition  of,  3,399. 

keaier,  ills.,  4,279,  4,287. 
wiring  for,  3,655. 

resistance,  lighting  arrester,  8,590* 

rheostat,  ms.,  4.027, 4,028. 

rheostatic  control,  3,420. 
Watt(s),  def.,  3,391,  3,441. 

feet,  wiring  calculations,  3,653. 

746^  horse  power  unit,  3,392. 

winng  calculations,  3,652. 
Watthour,  3.441. 

consumption,  lamp,  3.391. 

meter,  ills.,  3,531,  3.573,  3,574,  3,606. 
Wattless  ctin^nt,  power  factor,  3,485,  3,486. 
Wattmeter,  direct  current,  3,570-3,574. 

dynamometer,  3.603,  3.613. 

internal  connections,  diag*,  3,604. 

low  power  factor,  3,604« 

motor  testing,  3,631. 

power  factor,  3.486. 

recording,  3.605. 

three  phase  power  measurement,  *"^-, 
3,4867 

type,  power  factor  indicator,  3,613. 
Wave,  and  lap  winding,  armature  paths* 
3,983. 

current.  Universal  mode,  4,335.     , 

form  measurement,  8,612,  8,614. 

heat,  4.241. 

light.  4.241. 

oscillating,  wireless,  4,242* 

alidixig,  3,376. 

souna74.241. 

winding,  ills.,  3,877-^.880,  3,931. 
Waverly  automobile  double  reduction  gear* 

ills.,  4.073. 
Weather  proof  wires,  ills.,  3,632,  3,643. 
Wedge*  armature,  removing,  ills.,  3,984. 
Welmelt  electrolytic  interrupters,  ills.,  4,333. 
Weight,  wire,  table,  3,634. 
Wading,  4,315-4,326. 

autogenous,  4.319. 

Bemados  process,  4,323-4,326. 

blowpipe,  4,318,  4,319,  4.324. 

building  up,  4,317. 

electric,  4,322. 

{iigotinc  4,317,  4,318* 

flash,  4,323. 

flux,  4,315,  4,316. 

for^  fuels,  4,318. 

fusion,  4,320. 

Hoho  and  Lagrange  ptooeoy  4,326* 

instructions,  4,325. 

iron,  4,316. 

jump,  4,325. 

methods^  various,  4,818-4,326. 

moulds,  lUs.,  4.321. 

oxidation  of  iron,  4,315. 

oxy-acctylene  blow  pipe,  ills.,  4,810» 

oxyB^raph.  ills.,  4,324. 

Slavianoft  process,  4,326. 

spot,  4.323. 

steel,  4.316. 

thermit,  4,320,  4,821. 
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umtii,  s.sse.    - 

— r  ciicint,  diae^  4.064. 

Woteni  ammater.  His.,  S.Sif. 

WMtato  Electric,  amumciatiw  nntem,  Uli., 


WKtney  hot  wire  inslrmnent,  3,570. 
WiUud  storage  battery  porta,  3.117. 
WaOioa,  altemHtor,  itti.,  3,593,  3.913,  3.917. 


smortlascur,  3.917. 

bipolar,  dynamD,  ilb.,  i 
chord,  ills.,  3.880. 


or  ntio  teat,  tTSosEoimer  diss.,  3,BtC 
light  and  left  hand,  3381. 
dnifle,  tisfisformen,  ills.,  3,909. 


WiodlnK, — CoHtinuei 

_   nve,  3,88(^  3,881,  3.983. 

Wipe  contract  igniter,  lUs.,  4.047. 

Wipen,  automatic  tetephone,  4,224,  4,233. 

Wiping  jointa  for  aoldcring,  ills.,  4 JOfl,  4.397. 

WinM,  and  wile  calculations,  3,033-3,673. 

bending,  annatun  windmg,  3,9S9. 

bushing,  ills.,  3.T4fl. 

B.X.,  caiU,  8,704-3,708. 
drop  cord,  3.752. 

cable  (tringiiis,  3,770. 

calculations,  see  mre  calculatioaa. 

capadtr  Uble,  3.972,  3,674. 

eanTinc  capscity  table,  electn-pbting. 

damp,  3,771. 

"come  along,"  3,771. 

conducton,      eorered,     variom,     iUt~ 

3.3S4. 
constaots,  uble,  3.980. 
copt",  carrying  capacity  table,  3,453. 

tensile  nrenath,  3.782. 
earned,  joint,  bells,  4,1QD. 

vanous,  3.3  84. 
crossing,  3.875. 
elevator    cable   for  annuociatora,    ilia., 

3,S32. 
fishing,  3,738. 
BaMIe  conduit,  3,703. 
formula,  gee  Formula, 
fuses,  ills.,  3,555. 

eai  engine  ignition  cable,  ilia.,  3,632. 
Hester,  4.280. 
installing,  see  Wiring. 
haiUalti,  3.977. 

properties,  uble,  3,931. 
joints,  3,789. 
light  ana  power,  3,832,  3.852,  3,786. 

calculations,  3,Sfi5. 
i.c..  3,654. 

calculations  of  mains,  3.792. 

table,  3.791. 
fractional  A.^.,  ills.,  3,792. 

proportioning,  3,7S2. 

rating,  3.85S. 

«iMr3,785. 
[tlatinum,  electro-therapeutics,  4.340. 
pulling  in  fiituil  stms,  3.760. 
resistance,  3,634,  3.S32. 
rubber  insulated,  3,632,  8.843,  3,697. 
soldering  to  lugs,  4,001. 
solid  fiituie,  3,762. 
splicing,  3.756. 

■upporti  in  vertical  conduit,  3,721. 
taps,  table,  3,612,  3,848. 

teBser,'3,9l's. 
Uletraph,  ills.,  3.632. 

humming  prevented,  S,7T2. 
telephone,  ilia.,  3.B32. 
tie,  msulatimi,  3.681. 
trolley,  3,768. 

twisted  weather  noof,  ills.,  3.632. 
twisting  clamp,  ub.,  3,770. 
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tyiag  in  on  insulators,  3,769. 
undexKxound  cable,  3,782-3.784. 
Underwriters'  rules,    see  Underwriters' 

rules, 
weather  proof,  ills.,  3.632,  3.643. 
wound  armature  coils,  4.263. 
Wire  calculations,  3.632-3,672. 

alternating  current  wiring,  3.659. 

apparent  load  formula,  3,671. 

capacity.  3.660,  3.661. 

center  of  distribution,  ills.,  3,640* 

circuits,  3.639,  3.643. 

copper  wire,  formuls,  3.658. 

properties,  table,  3.684. 
corona  eiffect,  3,664. 
current,  3,670-3,672. 

valtie,  table,  3.667,  3.672. 
direct  current  wiring,  3,638. 
distribution  systems,  3.639-3,643. 
drop,  3.668,  3,669,  3,672. 
electro-magnetic  and  electro-static  field, 

8,663. 
equivalents,  table,  3,637. 
figuring  in  watts,  3,652,  3,667. 
frequency,  3,662. 
gauges,  3,644-3.646,  3,656. 
Eorse  power,  formula,  3.671. 
induction,  3.659,  3,661,  3,664. 
lamp,  foot,  3,639. 

table,  rubber  covered  wires*  3,643. 
Matthiessen's  conductivity  table,  3.634. 
measuring  outfit,  ills.,  3,646. 
micrometer  gauges,  3,644,  3,656. 
mils,  diag.,  3.638. 
motors,  3.654,  3,655. 
negligible  drop  table,  3,642. 
power  factor,  3,482-^.487»  3.664,  3.666. 
ratio  factor,  3.663. 
resistance,  3,634,  3,639. 

ratio  factor  table,  8,663. 
rules,  see  Underwriters'  rules. 
safe  carrying  capacity,  3,637. 
sag,  table,  3,771. 
siu,  3,970-3(978. 

alternating  current,  3,664. 

armature  calculations,  3,970-3,978. 

calculations,  see  Wire  calculations. 

cooking  appliances,  3,655. 

formula,  3,668. 

Guge,  3,644. 
aters,  3,655. 
housdiold  ajppUances,  3,655. 
interior  wiring,  3,681. 
lighting,  3,652. 
motor,    3,654-3,656,   3.785,   3,786, 

3.806. 
neutral,  3,651. 
single  phase  drcuit,  3,668. 
Western  Electric  Co.,  table,  3,654. 
Wind  wireless,  Squier's,  4,263. 
Wireless  telegraphy,  4,239-4,265. 

aerial  or  antenna  switch,  ills.,  4,249. 
amplification,  regenerative,  4,257. 
amplifier,  4,255. 
circuit,  feed  back,  diag.,  4,258. 


Wireless  telegraphy,  ctreuH, — Continued 

high  tension,  4,251. 
receiving,  4.250. 
regenerative,  diag.,  4.258* 
transmitter,  diag.,  4,258. 
codes,  4,258. 
coherer,  ills..  4.242. 
condenser^  ills.,  4,251,  4.252. 
conductivity  method,  4.240. 
current,  low  voltage,  4,251. 
detectors,  ills.,  4,242, 4.251,  4,252, 4,254. 

4.255. 
electric  strains.  4,241. 
electric  wave  method,  ills.^  4,239. 
electro-magnetic  waves,  4,239,  4,241. 
ether  wave,  4.241. 
helix,  ills.,  4,251. 

high  frequency,  oscillations,  4,244. 
inductivity  method,  4,240. 
key,  ills.,  4,248.  , 

loose  coupled  receiving  transformer,  4,250. 
Marconi  system,  earliest  form,  4.241. 
oscillating  circmts,  4,244,  4,248,  4,251, 

4.257. 
practical,  4,242. 
radiation,  4.239. 
fadio  frequency  current,  4.249« 
receiving,  circmts,  4,250. 

tuner,  4,249. 
regenerative  amplification,  4.257* 
Steinheil's  discovery, 
theory  of,  4,240. 
transformer.  4,242,  4,249,  4,250. 
transmitter  circuits,  4.257,  4,258. 
transmitting  apparatus,  4,250. 
tuning  coil  mductance,  ills.,  ^251* 
vacuum  tube,  4,254,  4.255. 
waves,  osdllatiixg,  4,242. 
wired,  4,263. 
Wireless  telephone,  direction  finder,  4,262. 
one  vacuum  tube,  ills.,  4,261. 
stations,  diag.,  4,262. 
transmitting  station  locating,  4J263. 
Wiremold,  3,692-3,606. 
Wiring,  alternator,  4,024. 

annunciators,  4,171,  4,174. 

automatic     telephone,    see    Automatic 

telephone. 
bell,  4.169-4.174,  4,176. 

box,  telephone,  ills.^  4,196. 
building  see  Wiring  ^«^fs^«y1  buildings. 

Wiring,  inside. 
under  construction,  3,703. 
bu2zer,  4,173. 
B.  X.  cable,  3.704-;3.708. 
calctdations,  see  Wire  calculations, 
cleat  method,  3,676-3,678,  3,700. 
Code    requirements,   see    Underwriters' 

rules, 
conduit,  see  Inside  wiring,  conduiU 

Underground  wiring,  conduit. 

Underwriters'  rules, 
concealed  knob  and  tube*' 3,696-3,703, 

3.752. 
cooking,  4,288. 
crossed,  bell  circtdt,  4.173. 
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Wlrlnc— CoHfiHIKd 

door  opener,  4.173. 
drop  fomiila,  3.6flS. 
dweUin^,  i«,  Wirint 

upo«ed,  Bee  Inside  n 


hekter,  4,280. 

bCBtins  ap^HUn,  3,750,  4.27S,  4,2» 

houfltr  stt  Wiring  nnished  buildingi, 

honaduld  appluncea,  S.TSfl. 
.-^j.  -M  Wuing  iniide,  following. 
n,_3.881.  3.7S2,  3,758,  3767. 


:    Wirinfl    finiahed 


twilchn,  ills.,  3.077. 
bous,  3.701. 
double  throw,  3,727. 
initallation,  .1.701. 

mitirts."f '698,  3."700,  3.735. 

talc«raph,  humming  prevented.  3,772. 
telephone  joints,  3,769. 

ist.,  ill>.,  4,101. 

Wuins  calculstiont,  alon  effect,  3,962. 

■puiiiK  for'  veriona  voltagn,  3,66 
tape,    bndsea    at    neglisible    di 

table,  S.  642. 
three    wire    syatema,    3,647-3,6. 

3.654. 
tmnspoaitioas,  diag.,  3.660. 
TuiouB  ciicuite,  3.643,  3,646,  3,61 

3,654,  3.ees. 
woltaii,  formula,  3.672. 

vuious,  apacing  foh  3,664. 
waUb),  3,652,  3.655. 

feet,  3,653. 


Wlrbif  ealeuUtlena,— C<Ml>in«i{ 

wiring  syitems,  3. 636-3. 643, 3,647- 

S6S1, 
Wiring  finished  buildings,  3.726-3.761. 
baae  board  replaciog,  3,743. 
boring,  ills.,  3.754,  3.760. 
buahings,  3,746,  3,749. 
ceiling  outlets.  3.730,  3.743. 
Code    reQuiremeuta,  Gee    Underwriters' 

rules. 

cross  sta'ds,'  3.734. 

cutting  pockets,  iHs.,  3,780. 

distribution  center,  3.727, 

drop  cord,  ills.,  3,74S.  3,752. 

eiploring  for  cross  stiids,  3,733. 

feedeisr3.72e. 

liah  bit,  ills.,  3,754. 

fishing,  3.736,  3.73S,  S.TS3. 

j!«r(i),  and  trim  repladDg,  3.743. 

taldng  up,  3.730,  3.736. 
furring  atnjB,  3,730,  3,731,  3,738. 
fuses,  types  of,  3.754. 

hard  wood  hoon,  treatment  id,  3,743. 

heat  aiipliancea,  3,750. 
household  utensils,  3,750. 

joints,  3.75^^,75^'        ' 


pig  tail  splice.  3.757. 

pipe  reaming,  3,752. 

pocket  cuttmg.  3,743. 

poinUon,  3^780,  3.781. 

pulling  wires  in  fixture  aims.  3,760. 

replaang  doors  and  trim,  3,743. 

rosette,  wires  entering,  3.74S. 

ruiuiing  wires  through  walla,  3^736. 

saws,  floor,  ills.,  3.780. 

aervi«  connection,  3,74S. 

snake,  3.736,  3,753. 

sockets,  wiies  entering,  3.746. 

soldering,  3.756,  3,758. 

splicing,  3,756,  3.767. 

su^ka,  fused,  3.7S4. 

installine,  3,746,  3,743. 

thiee  a?d  foSi  my,  8.76G. 
taping,  3,756. 

wall  case  cutting  out,  3,735. 
Wiringlil  inside,  3,673-3,725. 
blind  attics,  3,707. 
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lb  and  tabe,  8,60fl-3,T03: 

trndrU,  3.7D8-3.T2fi- 

■       -'at,  m*,.  3,7Ii-a.71\  8,7«. 


BipoNd,  3  076,  S,«S1.  . 


Tcrtkal,  3.731. 
win  tupportt.  8,711. 
I  oven,  S.OSO. 

,  HKlinfl,  8,078. 

^     ■■   ■  01^,3.707. 

I,  8.703. 
aa  LKunb  4,«uf. 

' '  mtliL  3.'e83-3.«e3. 
___«,  3.6B2. 
■round  bsuni,  iOi.,  3.6SS. 
beodios,  3,t«2. 
bonding,  3,088. 
Gonducton.  ilk.,  3.989. 
cuttinK.  itli.,  3.6^. 
fittiiwi,  illh,  3,887. 
Btaawiutt,  illi.,  3,088. 
mrtallacion.  3,889,  3,082. 
ilk.,  3,680. 


woadtH,  3.682-3,087. 
ceiliiig  worii^  8,688. 


Cdlina  wL .  _  . 
dead,  3.686. 
niiuiin«  thnrn^  mUt,  3.SS7. 
•ecuiing,  8.686. 
W  ttarDuah  floon,  3,680. 


Iltk,  boicn,  3,701. 
double  tiirow.  3,721. 
aiab,  3.7M. 
lutMlktioa,  3.701. 


Witon,  «■««*,— CantHnnJ 

outieU,  3.668,  8,700. 
•HP,  3.077. 
inninold,  a,6O3-^0M. 

WiriogC)  ontiide,  3,7fti^773. 
conductor  mateiioli,  3,702. 
ODp«(win,teii*ilB  ■tnactfa,  table,  3,n2. 
nil,  conrtmction  took,  3.763. 

emu  UDi*.  3,764. 

reinforced  concrete,  3.764. 
tcUliius,  8.703-3,773. 

caUe  conrtnictkin,  3,770. 

oaBMructian  Molt.  8,708,  8.707. 
3.76S. 

enctinc  pole*,  3.700. 

iiwi,  3.767. 

note  diobtt.  3,770. 

inwkton.     3.764,     8,700,     3,770, 

ipinti^  3^700. 

light  toa  power  witei,  8,700. 
linemu'e  took,  ilk^  3.787,  8,708. 
(mrkiaJ,  ckble,  8,770. 

ntk,  PMT  cut,  ilk,  8,708. 
MB,  table,  8.771. 
MTvin  coaiMctwa,  3.771, 
■pBCmB  poke,  3.700. 
etringun  tbe^Mi,  3.767. 

3.mf. 


3.782. 
pet  be^dl,  3.783. 
imdti^ntatd  cmhUi,  3.782. 

Sdiean  tube  ervtem,  Hk 
vuioul  ■yitem,  S.7T4. 
rilrijud  dtr  fift. 

laying  conduit,  3.776, 


and  luiA  duet,  8,778. 

^foniw,3k.,3.77S. 

id  cUy  or  eutheiiwen  ttoodi  eo 

dut^dkn  3.770. 
n  tnilt-in  eondiiit,  8.778. 
•  duel  ifUmit,  8,777. 
k.,.a.778.  .  .  .     _ 


Wood,  Utk  iheipening,  3,701. 

driuTsjOO. 
Wood'*  electric  nhkle  cbunbilk.,  4,073. 

'        '    "      foot  Inkee,  ifk.,  4.072. 
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Woodbridge  totary  converter,  ills.,  3,538. 
Wooden*  conduits,  8,777. 

moulding,  wiring,  3,682-3,686. 
pcUs^  preservation,  3,763,  3,764. 
settinff,  3,763. 
Wonn*  drivet  electric  vehicles,  iUs.,  4,072. 
elevator^  ills.,  4,130. 
puxnp,  sulfide  reduction,  ills.t  4,128. 
gear,  sign  flasher,  ills.,  3,827. 
Wzotight  iron  conduits,  3,770. 
W*  U.  pattern  fuses,  ills.,  8,557. 


X 


X-mvB,  4.827-4.329. 

fluorescent  shadow,  ilk.,  4,328* 
fluorescing  screens,  iUs.,  4,328* 
fluocecope,  iUs.,  4,328. 
radiographst  4,329. 
tube,  4.327,  4.328. 


Y 


Y  connections,  alternator,  ilk.,  3,933,  3,935. 

converter,  4,(^5. 

motor,  ilk.,  3,803. 
Yoke  magnet,  dynamo,  ilk.,  3,871. 


Z 


Zemer  welding  process,  4,323. 
Zero,  method  cu'cuit  resktanoe  testing,  iUsm 
3,620. 
power   factor,    wattless    current,    ilk.* 
3,485,  3,486. 
Zinc*  electrolysk,  3,448. 
solder  for,  4,291. 
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Hawking    Practical    Library      of 

ELECTRICITY 

IN  HANDY  POCKET  FORM   PRICE  $1  EACH 

Thay  an  not  on^  th*  bmit.  bat  th*  ch*ap*tl  morki  piA- 

n  dmiinJ  far  ft  ■ 
KtuJlabl*o/ca 


i.  f* 

f 

t 

8. 
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That's  Just  what  I  Need' 


\ 


I: 


^ 


r 
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IJrERE  is  a  set  of  books  that  no  man  in  the  ELEC 
'^  TRICAL  FIELD  should  do  without.  This  is  the 
ELECTRICAL  AGE  in  which  we  live;  ELECTRIC- 
ITY now  controls  more  trades,  directs  more  men, 
offers  more  opportunities  than  any  other  power  that 
man  has  yet  discovered.  Do  you  wish  to  know  th' 
underlying  principles  of  MODERN  ELECTRICAL 
PRACTICE? 

If  so,  HAWKINS  ELECTRICAL  GUIDES  will  givt 

/ou  the  information.     In  reality  they  are  a  school 

within  themselves,  containing  a  complete  study  course 

with  QUESTIONS,  ANSWERS  AND  ILLUSTRA- 

T  ONS,  written  in  plain  everyday  language  so  that  a 

pk  ictical  man  ran  understand  the  "HOW,  WHEN 

AND  WHY''  OF  ELECTRICITY. 

Read  over  the  titles  shown  on  the  back  of  each  volume,  and 
oote  the  scoi>e  of  each  book.  They  are  handsomely  bound  in 
flexible  black'^  cloth  with  gold  edges  and  will  readily  go  in  the 
pocket.  THBY  ARE  NOT  ONLY  THE  BEST,  BITT  THE 
CHEAPEST  WORKS  PUBLISHED  ON  ELECTRICITY. 

Each  book  is  complete  in  itself  and  will  be  supplied  |i  .00  per 
copy,  but  we  believe  that  the  coi  plete  set  is  the  best  bargain. 

The  books  can  speak  for  thems  4ves  and  a  careful  examination. 
«wge  by  page»  and  illustration  by  illustration,  will  convince  3^011 
of  their  big  value. 

If  3rou  wiU  fill  out  the  following  coupon  giving  all  the  informa< 
tlon  requested,  WE  WILL  SUBMIT  THE  TEN  VOLUMES 
FOR  EXAMINATION  ON  CONDITIONS  NAMED. 


FREE  E^TAMINATION  OFFER 


THEO,  AUDEL  &  CO., 

72  5th  Ave,,  NEW  YORK. 

^  lease  submit  me  for  examination 
HAWKINS  ELECTRICAL  GUIDES  (Price  |z  each.) 

Ship  at  once,  prepaid,  the  xonumbers;  if  satisfactory  I  agree  to 
send  you  |i  within  seven  diays  and  to  further  mail  you  |x  each 
month  until  paid. 


Signature. 


Occupation 

Business  Address. 


»maMft^ir-  ( 


ftesidence^ 


L*ki 


HAWKINS'   ELECTRICAL 

DICTIONARY  $2 

THIS  WORK  CONTAINS 
MANY  BOOKS  IN  ONC 
AND  13  AN  EHTIRELV  NEW 
AND  ORIQINAL  WOIIK.  CLEAR- 
LY AMD  PLAINLY  DEnNINO 
THE  nttX  USE  AND  MEAN> 
ING  OF  THE  THOUSANDS 
UPON  THOUSANDS  OF  WORDS. 
TERMS  AND  PHRASES  USED 
IN  THE  VARIOUS  BRANCHES 
AND  DEPARTMENTS  OF 
ELECTRICAL  SCIENCE. 

No  Dictionary  has  to 
the  knowledge  of  the  pub- 
lishcra  been .  printed  to 
date  that  haa  kept  pace 
with  the  rapid  develop- 
ment of  Electrical  EnRJ- 

ThiM  Dictionary  is  not 
only  a  helpful  book,  but 
it  adda  largely  to  the  use 
of  all  other  Electrical  and 
Scientific  books,  and  we 
consider  that  no  Library 
is  complete  or  up-to-date, 
without  this  modern  treasure  of  Electrical  Science, 

One  valuable  feature  of  thio  new  work  lies  in  the 
fact  that  it  is  not  only  a  comprehensive  dictionary,  but 
is  also  a  Cyclooedia  of  Electricity  and  Technology^ 
compiled  with  accuracy  and  thoroughness. 

Every  proBressive  man  in  this  wide  field  of  effort 
needs  this  work  and  we  urge  upon  the  Scientific  Reader 
the  importance  of  owning  a  copy. 

Besides  containing  a  wealth  of  information  thi& 
Dictionary,  in  point  of  manufacture,  is  in  every  way 
a  high  class  and  pleasing  book,  for  study  or  for  ready 
re.'crcnce.     Price  Sa.oo,  postpaid. 


A  Progress^,  lUvslraied  Series  with  Questions,  Answers  and  Cakvlationa 
eovetine  Modem  Engineering  Practice,  SPECIALLY  prepared  tor  aUEn^ 
eers,  alt  Mechanics,  all  Electricians,  and  as  a  practical  course  of  study  for  alt 
students  and  reference  for  irtstmctors  in  every  branch  of  lie  Engineering 
professions. Bff  Frank  D.  Graham,  B.S.,  M.S.,  U.E. 

EB§btamtr  tutd  M*ehanteif  Outde  No.  I,  price  Sl.SO— contaiD*  ITOpasea— S47  JDiu- 

-     i#.iln.i,  coveniw  fully  tho  Thtory.  Practict  and  Optniior  "*  -"  e.__  b — i—^ .■■ 

Motoii»— Falof  '■— " '"^ ' -* ' 


1 


Valva  M 


£n#lnccr>*  and  HccAsnlet*  Gulda  So.  S,  pries  tl.50— contaiiu  EOOnuHa— 997  illiu- 

2  tntioni— divided  into  23  cluipCen.stBrtiiw  with  tUe  CORLISS  EUaiNSaiA  covBing 
the  Tluorv.  Covtrtietvm  uid  OperatioiiS  all  St«un  EngiiHa,  tecCadiiu  VtaPLOW, 
and  rOf  f  gf  VALVK  KNGINBS,  LOCOMOBILES. 
Enelnten^  mud  JfecAonfe**  GruMe  JVo.  (,  price  tl.SO — contaiiu  375  p( 

,,K   tratSoni    coverins   fully  the  Locom"'—     ■*—■--    ---* — — ' 

\Z  EiMJiMi    the  Indicator — Labriointi 

^J  MbNT — InrtnictionsonhowtoMetha India 


».  Mo.  <.  price  SI. 


475  nuts— MO  illus- 
FnaTBIBSEL  EH- 


A  Mtchanlaf  Gufda  No.  S.  price  tl  .GO— contains  S2S  puea— 7U  illus- 
3vaiBgtailyOt»Th»oru€UidConmtrtu!tkm(rfaUlytfioystaamBoU»r* 

'  including:  Heat — CombuBtion — Pool  and  Floe  Gu  AnolTsie — COi  leeotden — Char- 
I  acteriitio  of  Boilen — Materia]*— Coiulnutiol)  qf  oil  lyftt  of  BoOtri.     (LATBST 
PRACTICE.) 


^ J  B75  pM»— 990  illuB- 

ing  fully  Botler  Owwlructfon— Mechanical  Stolieis—fiZt  B  t/K  WERS 

6— Settings-^bmmeyi — Mechanical  Diai^t—BOW  TO  SELECT  A  BOILER— 
Complete  instruction*  and  diatongi  on  BOILER  DESIGN  based  —  ■  "  —  - 
BOUJa  COJW— OPERATIONVududing  imtalktion.  FIRING,  a 

of  Steam  Boilera.  

Englnaartf  and  Mmhanlc^  Guide  JVb.  7.  price  tl  .50 

7t[Btion»  covering  fully  Pipes,  FiltinM  and  Pipe  Fittt 
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Price  $12 
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— complete  ready  r^erence  '  ' 
Sattafa<aton  guanmteetL 
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